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Summary 
SUMMARY 
Pesticides, surfactants and heavy metals are the major support to modern 
agriculture but their exercise use is associated with variable degree of hazards to 
humans as well as soil microbes that are responsible for soil fertility. The 
effectivenss and mobility of pesticides, surfactants and heavy metals in soil 
depends upon their degree of sorption which is regulated by large number of 
factors such as nature of the pesticides, surfactants and metal ions, climatic factors, 
texture, moisture level, alkalinity, salinity, pH and clay mineral composition of the 
soil. Sorption regulates their volatility, phytoavailability, availability to soil 
organism, leachability and chemical degradation. 
The information regarding the effect of pesticides, surfactants and heavy metals in 
altering the soil properties, nutrient status of soil and availability of nutrients to 
plants under Indian climatic conditions is important from practical as well as 
theoretical point of view. Therefore, it is important to examine role of all such 
pollutants in order to check their undesirable side effects and to handle physico 
chemical problems of agrotechnique. 
In view of this It was considered worthwhile to investigate the sorption studies of 
pesticides, surfactants and heavy metals through soil static phase and their 
interaction with crops and soils. The work reported in this thesis has been 
illustrated in the form of seven chapters as follows: 
1. Soil layer chromatographic studies of pesticides 
2. Effect of chlorpyrifos on the seed germination, growth and 
nutrients uptake by barley (Hordeum vulgare) and mustard (Brassica 
compestris) Plants 
3. Studies on ionic surfactants assisted soil : Growth and nutrient uptake 
efficiency of wheat p'ants 
SMmmaiTP 
4. Growth and nutrient uptake efficiency of wheat from nonionic surfactant 
amended soil 
5. Soil static planar chromatography of heavy metals with amino acids 
containing mobile phase systems 
6. Mobility of some heavy metals as affected by sodium salts of various anions 
by soil thin layer chromatography 
7. Influence of single and multiple soil contamination of cadmium with lead 
and zinc on growth, chlorophyll contents, uptake and translocation of 
cadmium in tomato plant 
A concise account of the results achieved on the basis of the plan mentioned above 
is summarized in the following chapters: 
CHAPTER 1 
Soil Layer Chromatographic Studies of Pesticides 
Thin layer chromatography was employed to examine the mobility trend of six 
pesticides-dimethoate, methyl parathion, malathion, dichlorvos, chlorpyrifos and 
ziram through planar static phases of pure soil, alkaline soil and saline soil. Results 
obtained on layers of silica gel, silica gel mixed soil and organic matter free soil 
have been compared. Aqueous solutions of formic acid, acetic acid, sodium 
formate, sodium acetate and their mixtures were used as mobile phases. Borate 
buffer solutions were also used as mobile phase in order to study the effect of pH 
of mobile phase systems on the mobility pattern of pesticides. Compared to 
dimethoate, methyl parathion and malathion, pesticides such as ziram, dichlorvos 
and chlorpyrifos show strong retention on all types of layers. 
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CHAPTER 2 
Effect of Chiorpyrifos on the Seed Germination, Growth and 
Nutrients Uptalce by Barley (Hordeum vulgare) and Mustard {Brassica 
compestris) Plants 
Pot Experiments were conducted to evaluate the role of Chiorpyrifos on 
seed germination, growth and nutrients uptake of Barley (Hordeum 
Vulgare) and Mustard (Brassica compestris) plants. The results show that at 
the lower doses (75 mg kg'^ soil for Barley and 50 mg kg'^ soil for Mustard 
plant) of Chiorpyrifos had a beneficial effect on the growth, development 
and nutrients uptake for both the plants. The uptake of nutrients such as 
Na, K, Ca, Mg, Fe, Mn, 2n and Cu at its lower doses is highest and thereafter 
an inhibitory trend for the nutrients utilization was noticed with the 
increasing doses of Chiorpyrifos amendments. The results have been 
explained on the basis of toxic behaviour played by Chiorpyrifos to the soi' 
microbes responsible for the release of plant nutrients for plant use. 
CHAPTER 3 
Studies on Ionic Surfactants Assisted Soil: Growth and Nutrient Uptake Efficiency 
of Wheat Plants 
This study was conducted to investigate the effects of cetyltrimethylammonium 
bromide (CTAB) and sodium dodecyl sulphate (SDS) on the growth, nutrients 
uptake, and translocation in tissues of wheat (Triticum aestivum) under field 
conditions. The concentrations of nutrients (i.e. Na, K, Ca, Cu, Zn, Mn, and Fe) in 
shoots and roots were determined. The results showed that the nutrients 
concentrations in shoots were less affected with the increase in concentrations of 
surfactant (0.1% aqueous CTAB or SDS) in soil as compared to roots. Similarly, 
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shoot growth seemed less affected than root growth. As compared to cationic 
surfactant (CTAB), anionic surfactant (SDS) was found to be more toxic to plant 
growth and nutrients utilization by plants. 
CHAPTER 4 
Growth and Nutrient Uptake Efficiency of Wheat from Nonionic Surfactant 
Amended Soil 
The effects of Triton X-100 (a nonionic surfactant) on growth and nutrient 
concentration in tissues of wheat plants were examined. While in smaller doses, 
the Triton X-100 significantly stimulate the dry weights of plant biomass (shoots 
and roots) and nutrient concentration in plant tissues (shoots and roots), it 
becomes toxic to plants at higher doses. The nutrients affected by Triton X-100 
were mainly Na, K, Mn, and Fe in the shoots and Na, K, Ca, Cu, Mn, and Fe in the 
roots. The effect on the level of Zn in both shoots and root by Triton X-100 was 
insignificant. In shoots there was no effect of Triton X-100 on the concentration of 
Ca in shoots. However, in roots, the concentration of Ca decreases with the 
increase of surfactant level in soil. 
CHAPTER 5 
Soil Static Planar Chromatography of Heavy Metals with Amino Acids Containing 
Mobile Phase Systems 
Planar thin layer chromatography of heavy metals was performed on soil layer with 
aqueous amino acid eluents. Several amino acids at different concentration levels 
(0.5 to 5.0%) were tested to examine their influence on the mobility of heavy 
metals. An increase in the concentration of amino acids in mobile phase results in 
an increase in the mobility of most of the heavy metal ions studied. Amongst amino 
acids, neutral amino acids were capable to promote differential migration among 
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heavy metals. Important separations of heavy metal ions from their mixtures were 
obtained with 2% aqueous solutions of neutral amino acids (alanine, serine, 
proline, valine and methionine). In case of neutral amino acids as eluents, better 
separation possibilities of heavy metals were noticed with 2% aqueous solution of 
proline. Separations of heavy metals experimentally achieved on soil layer have 
been listed. 
CHAPTER 6 
Mobility of Some Heavy Metals as Affected by Sodium Salts of Various Anions by 
Soil Thin Layer Chromatography 
The mobility of some heavy metals such as Co, Ni, Zn, Pb, and Ag was 
measured through soil by using soil thin layer chromatography where 
natural soil was taken as a static phase and varying concentration of 
sodium salt solutions of different anions such as CI", HC0"3, CHaCOO", COa^" 
, Mo04^~ and HPOA^" as mobile phase. The mobility of heavy metals in these 
systems is found to be in order: Co>Ni>Zn>Pb>Ag except in HP04^ system 
where mobility order becomes as Co>Ni>Pb>Zn> Ag. The results have been 
explained on the basis of metal- SOM complexes, ion size parameter oT 
heavy metal and the solubility of metal salt with these anions in the soil 
environment. 
CHAPTER 7 
Influence of Single and Multiple Soil Contamination of Cadmium with Lead and 
Zinc on Growth, Chlorophyll Contents, Uptake and Translocation of Cadmium in 
Tomato Plant 
The influence of increase in levels of single and multiple soil contamination with Cd, 
Pb and Zn (5,15, 25 or 50 mg Cd kg'^ soil; 125, 250, 500 or 1000 mg Pb and Zn kg"^  
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soil) on growth, chlorophyll and Cd content of tomato plants was studied. At a level 
of Cd5Pbi25Zni25, Pb^* and Zn^* have protective effect and decrease the phytotoxic 
effect of Cd^* on tomato plant. At higher levels, growth parameters (shoot weight, 
root weight and chlorophyll content) are reduced parallel to the enhancement of 
Cd concentration. At a level of Cdi5Pb25oZn25o, Pb^* and Zn^* alleviate the 
unfavorable effects in triple combinations. Above the level Cdi5Pb25oZn250/ Pb^* and 
Zn^* interact antagonistically with Cd^*. The reduction of tissue Cd content is not 
always accompanied by an alleviating effect of Cd phytotoxicity. The Cd-Zn 
combination decreases the tissue Cd content more effectively than Cd-Pb, but its 
phytotoxic effect Is more pronounced. The Cd toxicity depends more on free Cd 
ions than on total tissue Cd content. The translocation of Cd from root to leaves is 
higher compared to its accumulation from root to shoot. 
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CHapter 1 
Qeneraf Introduction 
chapU TI 
1.1 SOIL 
The term soil is derived from the latin word "solum" which means f loor. 
According to the Soil Science Society of America, soil may be defined as : 
(i) The unconsolidated mineral matter on the immediate surface of the earth 
that serves as a natural medium for the growth of land plants. 
(ii) The unconsolidated mineral material on the surface of the earth that has 
been subjected to influenced by genetic and environmental factors of parent 
material, climate (including moisture and temperature effects), macro and 
microorganisms and topography, all acting over a period of time and 
producing a product that is soil, that differs from the material from which, it 
is derived with many physical, chemical, biological and morphological 
properties and characteristics. 
1.2 COMPOSITION OF SOIL 
Soil is composed of solids, liquids and gaseous phase in varying proportion. 
The solid part constitutes of mineral (non-living or inorganic) material and 
organic (living) matter. Water and air are the liquid and gaseous components 
of the soil. The composition of mineral material is relatively unchanged, 
while the organic matter may vary with different time intervals and depth. 
The volume of the water and air in soil fluctuate on the basis of particle size, 
porosity, humidity, temperature etc. of the soil environment. The 
approximate composition of an ideal surface soil is given below: 
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SoUd 
(-50%) 
Soil 
Liquid 
(-25%) 
Gas 
(-25%) 
Organic 
matter 
(1-5%) 
Humus Sand 
(0.05-2 mm) 
Mineral 
matter 
(-45%) 
SUt 
(0.002-0.05 mm) 
Primary 
mineral 
1.3 CLAY MINERALS 
Clay 
(<0.002 mm) 
Secondary 
mineral 
Clay minerals are hydrated aluminum silicates which are the most reactive part of 
the soil due to large surface area and high ion exchange capacity. Various techniques 
have been employed to characterize the individual clay minerals, to study their 
properties, reactivity and the way in which they interact with a whole range of 
adsorbed molecules [1-9]. Some important clay minerals which are commonly found 
in soils are briefly described below. 
1.3.1 Montmorlllonite 
Montmorillonite is a 2:1 day mineral, which is made up of an octahedral alumina 
sheet sandwiched between two tetrahedral silica sheets (Fig. 1.1) [10]. These layers 
are loosely held up together by oxygen to oxygen and cation to oxygen linkages. 
Exchangeable cations and associated water molecules are attracted between the 
interlayer spaces causing expansion of the crystal lattice in the c-axis, are therefore, 
not fixed and vary from 9.3 A° to 14 A° or even more. The structural formula 
of the montmorillonite is given as (OH)4Si8Al402o.nH20. Montmorillonite exhibits high 
C^of^ter 
Silicon Tetrahedral Sheet 
Crystal 
unit 
Octahedral Sheet Crystal 
unit 
14 A 
(9.6-lOA) 
or more 
n H , 0 
b-Axis 
Crystal 
unit 
Interior 
space 
^^^^^^m' 
1 0 
1 
1 
0 
Silicon Tetrahedral Sheet 
Oxygen linkage 
Octahedral Sheet 
Oxygen linkage 
Silicon Tetrahedral Sheet 
Montmorillonite (2-to-l type expanding mineral) 
Crystal 
unit 
Fig. 1.1 Schematic sicetch of crystal structure of montmorillonite clay mineral 
c|>afrteri 
plasticity, cohesion and significant swelling when wet and shows shrinkage on 
drying. Cation exchange capacity of montmorillonite is high and varies from 60 to 
150meql00g"May[ l l ] . 
1.3.2 Kaolinite 
The structural formula of Kaolinite may be represented as (OH)8Al4Si40io. It is the 
most prominent member of 1:1 type clay mineral, which is made up of one 
tetrahedral silica sheet combined with one octahedral alumina sheet (Fig. 1.2) 
[12,13]. The tetrahedral and octahedral sheets, in a layer of Kaolinite crystal are held 
together tightly by oxygen atoms that are mutually shared by the silicon and 
aluminium cations in their respective sheets. These layers in turn, are held together 
by hydrogen bonding. In contrast with other silicate groups, Kaolinite exhibits very 
little plasticity, cohesion, shrinkage and swelling properties. It has restricted surface 
area and limited adsorption capacity for cations. The size of the unit cell is 7.2 A°. 
The cation exchange capacity is low and varies from 5 to 15 meq 100 g'^ clay [11]. 
1.3.3 lllite 
Like montmorillonite, illite is a 2 : 1 non-expanding clay mineral (Fig. 1.2) [14-16], but 
these minerals differ in the sense that a part of the silicon in the silica sheet always 
replaced by aluminium. Another important difference is the presence of potassium 
ions between adjacent crystal units, which bind them together. Due to this, the 
crystal units are fixed in position and are unlike the montmorillonitic minerals unable 
to move. The structural formula is (OH)4Ky(Al4Fe4Mg4Mg6)(Si8-vAly)02o. The cation 
exchange capacity of illite varies from 20 to 40 meq 100 g'^clay. 
1.3.4 Vermiculite 
This mineral is similar to that of illite in its structure and has the layers held more 
weakly together by hydrated magnesium rather than tightly together by K ions [17, 
18]. Vermiculite has poor swelling property. 
< (7.2 A) 
10 A I 
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Silicon Tetrahedral Sheet 
Hyclrogen|bonding 
Aluminium Octahedral Sheet 
0 
I 
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I 
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0 
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Silicon Tetrahedral Sheet 
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Crystal 
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Interiayer 
space 
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unit 
Crystal 
unit 
Interiayer 
space 
Crystal 
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Fig. 1.2 Schematic sicetch of crystal structure of Kaolinite and illite clay minerals 
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1.3.5 Chlorite 
Chlorite is basically iron magnesium silicate associated with some aluminium [19]. In 
a typical chlorite clay crystal, 2:1 type layers are formed. The crystal unit contains 
two silica tetrahedral sheets and two magnesium dominated trioctahedral sheets, 
[20, 21] giving rise to them a 2:1 or 2: 2 type mineral structure. Chlorites do not swell 
when wetted with water and have low cation exchange capacity varying from 10 to 
40 meq 100 g"^clay. 
1.3.6 Amorphous Clay 
Amorphous clay is the mixture of silica and alumina, containing weathered oxides of 
iron, manganese etc. This has not formed from well oriented crystals. The properties 
of amorphous clays are usually uncommon as they posses high positive charge and 
show anion exchange properties depending on the pH of the soil solution. 
1.4 SOIL COLLOIDS 
The soil colloids are the most active part of the soil and largely determine the 
physical and chemical properties of soil. Inorganic colloids (clay minerals, hydrous 
oxides) usually make up the bulk of soil colloids. Colloids are particles less than 0.001 
mm in size and the clay fraction includes particles less than 0.002 mm in size. 
Therefore, all clay minerals are not totally colloidal. The organic colloids include 
highly decomposed organic matter generally called humus. Organic colloids are 
chemically reactive and generally have a greater influence on soil properties than 
inorganic colloids. Humus is amorphous and its chemical and physical characteristics 
are not well defined. Both inorganic and organic colloids are intimately mixed with 
other soil solids. Thus, the bulk of the soil solids are essentially inert and the majority 
of the soil's physical and chemical features depend on the presence of soil colloids. 
One of the most important properties of colloids is their ability to adsorb, hold, and 
release ions. Colloids generally have a net negative charge. This negative charge is 
balanced by thousands of cations. Thus, colloids can be viewed as huge anions 
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surrounded by swarm of rather loosely held cations. Water molecules are also 
adsorbed to colloid surfaces; they are present as part of the hydrated structure of 
the cations. Anions such as NOs', CI", S04 '^, and P04 "^ are not held on the surfaces of 
colloids to great extent. Instead, they exist as free anions in the soil solution or fixed 
within chemical compounds. 
1.5 SOIL POLLUTION 
Soil pollution is defined as the accumulation of persistent toxic compounds, 
chemicals, salts, radioactive materials, or disease causing agents in soils, which have 
adverse effects on plant growth and animal health. The more acceptable definition 
of pollution, given by Holdgate states as, " Pollution is the introduction by man into 
the environment of substances or energy liable to cause hazards to human health, 
harm to living sources and ecological systems, damage the structures or interference 
iv/f/7 legitimate uses of the environment". 
Both organic and inorganic contaminants are important in soil [22-36]. The 
most prominent groups of organic contaminants are fuel hydrocarbons, polynuclear 
aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), chlorinated 
aromatic compounds, detergents, and pesticides. Inorganic species include nitrates, 
phosphates and heavy metals such as cadmium, nickel, chromium, lead, mercury, 
arsenic; inorganic acids; and radionuclides (radioactive substances). The sources of 
these contaminants include agricultural runoffs, acidic precipitates, industrial waste 
materials, and radioactive fallout. 
Soil pollution may lead to water pollution if toxic chemicals leach into ground 
water, or if contaminated runoff reaches streams, lakes, or oceans [37-40]. Soil also 
contributes to air pollution by releasing volatile compounds into the atmosphere. 
Nitrogen escapes into environment through ammonia volatilization and 
denitrification. The decomposition of organic materials in soil can release sulfur 
dioxide and other sulfur compounds, causing acid rain. Heavy metals and other 
djapte, ri 
potentially toxic elements are the most serious soil pollutants in sewage sludge [28, 
37, 38,41 and 42]. 
1.6 PHYSICO-CHEMICAL PROPERTIES OF SOIL 
1.6.1 Mechanical Composition 
Mechanical composition or texture means the distribution of particles of various 
sizes such as gravel (>2 mm), sand (0.02 to 2 mm), silt (0.002-0.02 mm) and clay 
(<0.002 mm) in soil. An ideal soil contains equivalent amounts of sand, silt, and clay. 
The particle size distribution in soil influences its water holding capacity and water 
supply to plants. It influences the strength and compressibility of soils. 
1.6.2 Soils pH 
The pH of soil gives an idea about the acidity or alkalinity of soil. Generally very low 
or high pH of the soil is regarded to be unproductive for plant growth. The best 
growth for the largest variety of plants takes place within a pH range 6.5 to 7.0 
(slightly acidic to neutral). Soils which are higher in acidity or alkalinity levels can 
result in deficiencies or excesses of certain kinds of elements. For instance, higher 
alkalinity can make elements such as Fe, Mn, Zn, Cu, and Co less soluble and may be 
removed as precipitate. Thus, these elements become less available for plant 
absorption. Deficiencies of these elements can cause in their stunt growth. Higher 
acidity may damage hair like roots and reduce nutrients absorption capacity from 
soil. 
The pH of a soil can also affect the activities of soil microorganisms, which are 
responsible for the maintenance of nitrogen, phosphorus and sulphur levels in the 
soil. Most microorganisms prefer to survive in the neutral range 6.5 to 7.0. Below 
and above this pH range, the activities of microorganisms get decreased probably as 
a result of decrease in their numbers. 
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1.6.3 Electrical Conductivity (EC) 
It gives an idea about the total soluble salt contents in soil. Soil salinity scale based 
on electrical conductance of the soil extract. Soil salinity is due to the presence of 
NaCI and Na2S04 as soluble salts in soil. For saline soil the salt level is more than 0.3% 
or EC > 4.0 mmhos cm'\ Higher sodium salt levels negatively affect plants growth 
and soil microorganisms. 
1.6.4 Organic Matter 
Soil organic matter (SOM) is heterogeneous comprising of amino, aliphatic and 
phenolic acids as well as humic substances [43, 44]. Well decomposed, dark 
brown amorphous organic matter is called humus. It posses high cation exchange 
capacity and varies from 300 to 350 meq 100 g"^  soil. The amount of organic 
matter is responsible for in the enhancement of soil fertility and water holding 
capacity [43, 44]. 
1.6.5 Exchangeable Cations 
The most prevalent exchangeable cations, present in soil are Al^*, Ca^\ Mg^*, K*, Na*, 
NH4* and H* ions. Cations are held on the exchangeable sites of soil minerals with 
different adsorption strength. Furthermore, soil minerals also found to adsorb other 
cations such as iron, manganese, zinc and copper etc. by the process of ion 
exchange. 
Cation adsorption is a function of the nature and extent of clay minerals, 
exchangeable cations, soil pH etc. Hence clay and clay soil contain a greater amount 
of total exchangeable cations than sand or sandy loam soil. 
1.6.6 Cation Exchange Capacity (CEC) 
Cation exchange capacity (CEC) is one of the most important chemical properties of 
soil which influences the nutrients availability for plants . The CEC of a soil refers to 
the amount of positively charged ions a soil can hold. The concentrations of cations 
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are expressed in meq 100 g"^  soil. The cation exchange capacity of the soil varies 
from the nature and extent of clay minerals and soil organic matter contents. The 
CEC varies with the extent and nature of clay content in soil [8]. Soil rich in 
montmorillonite clay has high CEC, while those having kaolinite as the predominant 
clay minerals, have low exchange capacity. 
1.7 SOIL MICROORGANISMS AND THEIR ACTIVITIES 
Microorganisms play an important role in the transformation of nutrient from 
unusable to their usable forms. Hence, they help in the process of soil development 
and tend to maintain the soil fertility. Microorganisms are biologically classified as 
microflora (bacteria, actinomycetes, fungi and algae) and microfauna (protozoa and 
nematodes). They are considered to be present in soil surface or in top few inches of 
the soil. It has been found that one gram soil may contain about 1 to 100 million 
microorganisms, forming a very small fraction (<1%) of soil mass [19, 45]. The 
microbial population and their activities depend on a number of factors such as 
moisture level, soil temperature, aeration, soil type and soil pH etc. Among these, 
soil temperature is the key factor that controls the population and activities of soil 
microbes. At low temperature, the number as well as activity of soil microorganisms 
decreases. Most of the soil microorganisms are mesophiles and grow well in the 
temperature range 15 to 45°C. However, the optimum temperature for the survival 
of microorganisms in most cases has been found to be 37°C. Changes in microbial 
activity and population are often observed after addition of organic or inorganic 
fertilizers in soil [46-49]. Toxic effects of pesticides, surfactants and heavy metals on 
soil microorganisms have been extensively studied [50- 57]. 
1.8 GENERAL DESCRIPTION OF ALIGARH SOILS 
Aligarh covers an important area among the district of Uttar Pradesh (India spreads 
over an area of 3700 sq.Km. The district lies on the plains of river Ganges and 
Yamuna within parallels 27''29* and 28°11' north latitude and 72°29' and 78°28' east 
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latitude. Its alluvial deposits have a gentle slope from northwest to southeast. There 
are several natural depressions apart from those formed by the rivers, valleys and 
drainage lines. Topographically the district presents a trough-like appearance with 
high Ganga and Yamuna banks at both extreme rims. The summer months April to 
June are very hot and dry, with temperatures reaching as high as 40°C. The winter 
months October to February are cool with temperature falling as low as 2 to 3°C. 
Rainfall is scanty. The soils of Aligarh district are alluvial with little leaching. 
According to a survey carried out by the department of Agriculture, U.P. [58], six 
principal soil types have been recognized in the district, viz., Ganga loamy sand (type 
I), Aligarh loam (type II), Aligarh clay loam (type Hi), Aligarh sandy loam (type IV), 
Yamuna sandy loam (type V) and Yamuna silty clay loam (type VI) (Fig. 1.3). 
The soils of Aligarh district have also been classified as "Hirapur Series" by 
National Bureau of Soil Survey and Land Use Planning [59]. This series is distributed 
extensively in Aligarh and adjoining district of Uttar Pradesh. 
11 
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1.9. PLANT NUTRIENTS 
Sixteen elements are found to be essential for plant growth and development. 
They are called plant nutrients. These elements are divided into two main groups: 
1.9.1 Non-mineral Elements 
The non-mineral elements are carbon (C), hydrogen (H) and oxygen (O). These are 
the most abundant elements in plants that are supplied by air and water. 
1.9.2 Mineral Elements 
The remaining thirteen elements are mineral elements, which usually come from the soil 
, are dissolved in water and absorbed in ionic forms through the plants root. The mineral 
elements are classified into two groups such as macronutrients and micronutrients. 
1.9.2.1 Macronutrients 
Macronutrients can be of two types. 
(i) Primary Nutrients 
The primary nutrients are nitrogen (N), phosphorus (P) and potassium (K). These 
are required in large amounts for the growth and survival of plants. 
(ii) Secondary Nutrients 
The secondary nutrients are calcium (Ca), magnesium (Mg) and sulfur (S). These 
are required in smaller amounts than primary nutrients. 
1.9.2.2 Micronutrients 
Seven elements are generally considered as plant micronutrients; these include 
boron (B), iron (Fe), manganese (Mn), cupper (Cu), zinc (Zn), molybdenum (Mo) 
and chorine (CI). These elements occur in very small amounts in both soils and 
plants, but their role is equally important as macronutrients. Seven additional 
elements: sodium (Na), cobalt (Co), nickel (Ni), vanadium (V), chromium (Cr), 
silicon (Si) and titanium (Ti) have been considered as essential micronutrients in 
some plants. The list of essential nutrient elements taken up by plants showing 
symbol, origin and their ionic form are given in Table 1.1. 
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Table 1.1 Essential nutrient elements showing element, symbol, origin and 
primary forms used by plants 
Element Symbol Origin Primary forms 
used by plants 
Non-mineral Elements 
Carbon 
Hydrogen 
Oxygen 
Mineral Elements 
Macronuthents 
Nitrogen 
Phosphorus 
Potassium 
Calcium 
Magnesium 
Sulfur 
Micronutrients 
Boron 
Iron 
Manganese 
Copper 
Zinc 
Molybdenum 
Chlorine 
Nickel 
Cobalt 
Sodium 
Chromium 
Silicon 
Titanium 
Vanadium 
c 
H 
0 
N 
P 
K 
Ca 
Mg 
S 
B 
Fe 
Mn 
Cu 
Zn 
Mo 
CI 
Ni 
Co 
Na 
Cr 
Si 
Ti 
V 
Air 
Water 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
CO2 
H2O, H' 
H2O, O2 
NH/ , NO3 
HP04^ H2PO4 
K^  
Ca^ ^ 
Mg^^ 
S04 "^ 
B(0H)3° 
Fe^ Fe^ ^ 
Mn'* 
Cu'* 
Zn'* 
Mo04'' 
cr 
Ni'* 
Co'* 
Na* 
Cr04'" 
Si(0H)4 
Ti'* 
vo'* 
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1.10 FUNCTION OF NUTRIENTS IN PLANTS 
1.10.1 Macronutrients 
1.10.1.1 Nitrogen (N) 
Nitrogen is a key essential element affecting plant growth and crop yields. It is a 
constituent of amino acids, proteins, coenzymes, nucleic acids and chlorophyll 
which control metabolic processes in plants. Plants normally contain 1 to 5% 
nitrogen by weight. It is absorbed by plants as ammonium (NH/), nitrate (NO3), 
and nitrite {NO2') ions. The availability of N0{ form is dominant in moist, warm, 
well-aerated soil as reported by Merila and Strommer [60]. The poor yield of 
plants is often due to the deficiency of nitrogen [61, 62] that is supplemented by 
applying nitrogen containing fertilizers such as urea, ammonium nitrate, calcium 
nitrate etc. 
1.10.1.2 Phosphorus (P) 
Phosphorus is a second key essential plant nutrient. It is absorbed by plants either 
in the form of H2PO4' or HPOA^' ions. The H2P04ion is more readily absorbed than 
the HP04 "^ by most plants. Like nitrogen, phosphorus is an essential component of 
the process of photosynthesis. Phosphorus helps in biological energy transfer 
process [63], which is of great importance for the life and growth of plants [64]. 
Phosphorus deficiency in plants is indicated by stunted growth, dark green leaves 
with a leathery texture and redishes purple leaf tips and margins. The deficiency 
of phosphorus is compensated by applying phosphatic fertilizers such as rock 
phosphate, bone meal etc. 
1.10.1.3 Potassium (K) 
Potassium is the third largest essential element for plant growth. It is essential for 
photosynthesis and regulates opening and closing of stomata. It activates 
enzymes to metabolize carbohydrates for the manufacture of amino acids and 
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proteins. Potassium also increases disease resistance and improves firmness, 
texture, size and color of fruit crops and increases the oil content of oil crops. 
Excess of potassium in soil makes the water less available to plants by affecting 
osmotic pressure of soil solution. Deficiency of potassium is reflected in plants by 
white spots on the leaf edges, chlorosis and necrosis. Potassium deficiency can 
also occur In young leaves at the top of high yielding and fast maturing crops. 
1.10.1.4 Calcium (Ca) 
Calcium is absorbed by plants as Ca *^' It combines with pectin in the plant to form 
calcium pectate, which is an essential constituent of the cell wall [65, 66]. 
Deficiency of calcium causes reduction in Plant growth, but is rare in agricultural 
soil. Plants must obtain calcium from the soil. Sources of calcium are dolomitic 
lime, gypsum and super phosphate. 
1.10.1.5 Magnesium (Mg) 
Magnesium is absorbed by plants as Mg^*, and its concentration in crops varies 
between 0.1 to 0.4%. Magnesium is a primary constituent of the chlorophyll 
molecule. It is associated with transfer reactions involving phosphate-reactive 
groups. Magnesium is required for maximal activity of almost every 
phosphorylating enzyme in carbohydrate metabolism [67]. Soil minerals, organic 
material, fertilizers and dolomitic limestone are sources of magnesium for plants. 
1.10.1.6 Sulfur (S) 
Sulfur is absorbed by plant roots as the sulfate ion, S04 "^. It is required for 
synthesis of the S-containing amino acids, cystine, cysteine, and methionine, 
which are essential components of protein [68]. It also helps in production of 
chlorophyll and increases the growth of root and seed yield. Sulfur may be 
supplied to the soil in the form of acid rain from the atmosphere. It may be used 
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as fertilizer such as ammonium sulfate, calcium sulfate etc. Deficiency of sulfur 
causes stunted growth, delayed maturity, and yellowing of plants. 
1.10.2 Micronutrients 
1.10.2.1 Boron (B) 
Boron helps in the use of nutrients and regulates the function of other nutrients. 
Boron is essential for seed and fruit development [69]. The sources of boron in 
soil are associated with organic matter and used in the form of borax. It regulates 
new cell development in meristematic tissue, proper pollination, translocation of 
sugars, starch, N, and P, nodule formation in legumes and carbohydrate 
metabolism in plant [70, 71]. In boron-deficient plants the youngest leaves 
become pale green, losing more color at the base than at the tip. 
1.10.2.2 Iron (Fe) 
Iron is essential for the formation of chlorophyll. It is important in the activation 
of many enzyme systems including fumaric, hydrogenase, catalase, oxidase and 
cytochrome in plants. A deficiency of iron first appears in the young leaves of 
plants thus reducing new growth. Young leaves develop an interveinal chlorosis. 
In severe case, leaves can turn completely white. Sources of Fe are the soil, iron 
sulfate and iron chelate. An excess amount of iron is hazardous to plants. 
1.10.2.3 Manganese (Mn) 
Manganese plays an important role for activating many plant enzymes in the 
metabolism of organic acids, nitrogen and phosphorus. It activates the reduction 
of nitrate to ammonia and is involved in photosynthesis. Its deficiency causes 
interveinal chlorosis (dark green veins with yellow discoloration between the 
veins), but its symptoms vary depending on the crop such as grey specks of oats 
and marsh spots of peas. Wheat plant grown in low manganese are often more 
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susceptible to root-rot diseases. Soil is a source of manganese. Excessive amount 
of manganese is also harmful to plants. 
1.10.2.4 Copper (Cu) 
Copper plays an important role in plant enzymes and enzyme systems. It is 
required in small amounts (5 to 20 ppm) to plant tissue for normal growth of 
plants. Lack of copper causes chlorosis, necrosis, leaf distortion and leaf tip die 
back. Copper deficiency is compensated by adding a small amount of copper 
fertilizer to the soil or foliar application. 
1.10.2.5 Zinc(Zn) 
Zinc is important in plant nutrition and functions in enzymes [72], stability of 
cytoplasmic ribosomes, oxidation processes and transformation of carbohydrates 
and synthesis of auxin indole acetic acid. The symptoms of zinc deficiency appear 
generally in younger leaves, starting with intervenial chlorosis leading to a 
reduction in short growth and the shortening of internodes. Sources of zinc are 
zinc oxide, zinc sulfate, and zinc chelate. 
1.10.2.6 Molybdenum (Mo) 
Among the plant nutrients, Mo is needed in the smaller amount. It is essential 
component of enzyme nitrogenase which is responsible for the process of 
nitrogen fixation. Molybdenum deficiency often occurs in acidic soils. 
Molybdenum improves nodulation and nitrogenous activity in legumes [71]. 
1.10.2.7 Chlorine (CI) 
Chlorine is an essential micronutrient exists as soluble salts such as NaCI, MgCb 
and CaCl2. It is known to influence photosynthesis, crop maturity, disease control 
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and sugar translocation. Chlorosis in younger leaves and over all wilting of the 
plants is the two most common symptoms of CI" deficiency. 
1.11 PESTICIDES 
Pesticides are chemical or biological substances that are extensively used to 
control, destroy, repel or attract a pest [73, 74]. Pests can be animals (insects, 
mice or deer), unwanted plants (weeds), or microorganisms (Plant and human 
diseases). The general definition of pesticide is, "any substance or mixture of 
substances intended for preventing, destroying, repelling, or migrating any 
pest". Pesticides are the major cause of pollution in the environment (soil, 
water and air). On the basis of chemical nature pesticides are classified into 
two broad categories as inorganic pesticides and organic pesticides. 
1.11.1 inorganic Pesticides 
Before the introduction of modern pesticides, the inorganic pesticides were 
extensively utilized for plant protection. The major disadvantage of inorganic 
pesticides is their toxicity to man and other warm blooded animal. Some 
examples of inorganic pesticides are arsenic compounds such as paris green 
[(CH3COO)2Cu 3Cu(As02)2]/ basic copper arsenate [Cu(CuO. HASO4)], mercury 
compounds such as mercuric chloride (HgCl2), boron compounds such as borax 
(Na2B407), and fluorine compounds such as calcium fluorosilicate (CaSiFs. 2H2O). 
1.11.2 Organic Pesticides 
Presently more than thousands of organic compounds have been synthesized and 
tested for pesticidal properties. Organic pesticides may be classified as: 
1.11.2.1 Organochlorines 
Among the various organochlorine pesticides, the best commonly known is 
dichlorodiphenyltrichloroethane (DDT). It was discovered in 1939 by "Paul 
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Muller". It is used for its broad spectrum of activity but its persistence and 
accumulation in the body of mammals is still a matter of concern [75, 76]. The 
DDT primarily affects the central nervous system of animals. The other 
organochlorine pesticides are aldrin, endosulfan, 1, 2, 3, 4, 5, 6-
hexachlorocyclohexane (BHC) etc. They all have common chemical stability, low 
solubility in water, moderate solubility in organic solvents and low vapor 
pressure. The stability and solubility of these pesticides suggest that they are 
highly persistent and may lead to the long term contamination in the 
environment [77], 
1.11.2.2 Organophosphorous 
Organophosphorus pesticides (dimethoate, metasystox, chloropyrifos, 
dichlorovos, phorate etc.) have a wide range of toxicity, but they are usually non-
persistent and hence poses less harmful to the environment compared to 
organochlorine [78, 79]. 
1.11.2.3 Carbamates 
Carbamates are generally less persistent and their mode of action is basically 
similar to that of organophosphorus pesticides. The examples of carbamate 
pesticides are malathion, parathion, aldicarb, carbofuran, carbaryl etc. 
1.11.2.4 Carboxylic Acid and its Derivatives 
They are considered as a potent source of environmental hazards, especially 
when their degradation products remain active in the environment after desired 
purpose is over. These includes 2,4,5-trichlorophenoxy acetic acid (2,4,5-T), 2,4-
dichlorophenoxy acetic acid {2,4-D), silvex, paraquat, and diquat. They are used as 
herbicides both on agriculture lands and in eradicating weeds in non-productive 
areas such as roadsides and electric transmission lines. 
20 
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1.11.2.5 Pyrethroids 
The first synthetic pyrethroid appeared in 1973. These compounds of this series 
exhibit high contact activity, effectiveness at very low doses, rapid action and 
degradation to innocuous residues. Examples of pyrethroids are cypermethrin, 
permethrin, decamethrin, fenvalerate etc. 
1.11.2.6 Triazines 
The triazines (derived from urea) such as atrazine and simazine are used in large 
quantities as a pre-emergent herbicide in cornfield. There is considerable 
persistence of the resulting products. In aerobic aqueous systems, including moist 
substitution of a hydroxyl group for the chlorine atom precedes ring cleavage and 
complete degradation. 
1.11.2.7 Phenylureas 
These are the derivatives of phenylurea e.g., diuron, metaxuron, isoproturon, 
fenuron and monuron. They are widely used for the control of different weed 
species in cereal and carrot. Some phenylureas are used to control woody plants 
and perrennial plants. 
1.11.2.8 Neem Products 
The limonoids present in neem tree and its products have made it useful 
insecticide, bactericide, fungicide etc. Neem crudes such as Kernell crush and oil 
which are the potential sources of bio-active action can be formulated as ready-
to- use dust and water dispersible powder and emulsifiable concentrate 
respectively. 
Pesticides once enter into the soil, they tend to decompose biologically, if 
present in excess. However, some of the pesticides are not completely 
decomposed, and on repeated application may accumulate in the soil thereby 
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making the soil hazardous for some of the microorganisms present in soil [80-83]. 
The effectiveness, adsorption and degradation of pesticides in soil depend upon a 
large number of factors such as climatic factors, textures, moisture level, 
alkalinity, salinity, pH, organic matter contents and clay minerals composition of 
soil [84-86]. Numerous studies [79, 87-93] have shown that the application of 
pesticide in soil alter the microbial activities, nutrients status of soil and growth of 
plants. 
In the present study, dimethoate, methyl parathion, malathion, dichlorvos, 
chlorpyrifos and ziram have been selected for examining their mobility pattern 
through static-flat phase of soil to understand the uptake and translocation of 
pesticides from the environment to the soil. Out of these pesticides, chlorpyrifos 
has been selected for examining its interaction with soil and plants. It is assumed 
that soil-pesticide interaction study could be useful to understand the plant 
growth because pesticide may increase or decrease the supply of some nutrients 
in plants. 
1.12 SURFACTANTS 
Surfactants are long chain amphiphilic organic or organometallic molecules that 
usually consist of a hydrophobic part (lipophilic) and a hydrophilic part 
(lipophobic). Surfactants are used for soil washing or flushing due to their ability 
to mobilize contaminants. They can be produced chemically (synthetic 
surfactants) and biologically (biosurfactants). The most common hydrophobic part 
of synthetic surfactants are paraffins, olefins, alkylbenzenes, alkylphenols and 
alcohols; the hydrophilic group is usually a sulphatic group, a suiphonic group or a 
carboxylate group (anionic surfactants), a quaternary ammonium group (cationic 
surfactants), a polyoxyethylene, a sucrose or polypeptide (non-ionic surfactants). 
Depending upon the nature of hydrophilic group four types of surfactants can be 
distinguished: anionic, cationic, zwitterionic and non-ionic surfactants. Since 
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surfactants molecules are surface active i.e. capable to lower the surface tension 
of water when dissolve in it, these are sometimes called surface active agents or 
detergents. Owing to the presence of non-polar (hydrophobic) and polar 
(hydrophilic) groups, these substances have also been referred to as amphipathic, 
heteropolar or polar-non polar substances. A list of some common surfactants 
is provided in Table 1.2. 
Another characteristic of surfactants is the formation of micelles, small 
aggregates of surfartant molecules. At low concentrations in aqueous solutions, 
single molecules are present. Beyond a certain concentration level termed as 
critical micelle concentration (CMC), the surfactant molecules in solutions (water 
or organic solvents) cluster together, forming aggregates of 20 - 200 molecules. 
The CMC is temperature-dependent and different for every surfactant. The CMC 
is defined as the minimum concentration necessary to initiate the micelles 
formation. The presence of micelles increases the solubility of hydrophilic organic 
compounds. 
23 
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The adsorption of surfactant molecules onto soil is dependent on the 
properties of soil and the nature of surfactant [94-97]. Most of the studies published 
on this subject demonstrate that both desorption and mobilization of hydrophobic 
pollutants from soil can be enhanced by the addition of surfactants [98-103]. Deitsch 
and Smith [100], and Yeom et al. [101] concluded the enhancement to be caused by 
micellar solubilisation and faciliated transport. We have examined the effect of 
surfactants belonging to different categories (cationic, anionic and nonionic) on the 
growth and nutrient uptake by wheat plants. 
1.13 HEAVY METALS 
Heavy metals can be defined as metals with densiy above 5 g cm'^. They enter the 
soil through various sources such as industrial and mining processes, agricultural 
activities, atmospheric deposition, sewage sludge, and waste water. Heavy metals 
such as Ni, Cd, Ag, Cr, Sn, V, Zn, Cu and Pb are the most important inorganic 
pollutants. Many of these, at low concentration are essential micronutrients for the 
growth and life of plant, animal and soil microbes. However, some of them are toxic 
even if their concentration is very low and their toxicity increases with accumulation 
in water and soils. Once enter into the soil, heavy metals remain for long duration if 
not leached out. 
Heavy metal pollution caused by enormous industrial waste disposal, the use 
of impure low grade rock phosphatic fertilizers as well as huge emissions from fossil 
fuels containing appreciable amount of toxic heavy metals have posed an alarming 
situation as they may get transferred into food chain through plants grown on lands 
exposed to these situations. The utilization of sewage sludge as a source of 
fertilizers containing some of the major and micronutrients along with toxic heavy 
metals to agricultural land have been reported by many workers [56, 104-110]. The 
toxic effects of heavy metals on plants and soil microorganisms have also been 
extensively Investigated [55, 57, 58,111-118]. 
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The effectiveness of heavy metals such as Cd, Cr, Cu, Fe, Mn, Mo, Ni and Zn in 
soil is governed by the nature and the magnitude of clay minerals, organic matter 
content, pH, water content, temperature of the soil and properties of the particular 
metal ion [119-125]. The addition of heavy metals and their interaction with 
essential elements in soil changes the availability of essential elements to plant 
growth as well as soil microbial activities which are responsible for the maintenance 
of soil fertility [126-134]. A low metal contamination had shown some beneficial 
effects on microbial biomass and microbial activity. However, higher levels of 
contamination have resulted in substantial decrease in the magnitude of soil 
microbial biomass. Soil respiration, especially respiration per unit biomass was found 
to decrease with increasing amounts of heavy metals in soils. We have studied the 
mobility of metal ions through soil static phase and their interaction with tomato 
plants. 
1.14 CHROMATOGRAPHY 
Chromatography is derived from Greek words "chromatus" and "graphein", meaning 
"color" and "to write". It is excellent and most extensively used technique in which 
mixtures of pure substances are separated into the individual substances using a 
mobile phase (a liquid or gas) to push the mixture along a stationary phase (usually a 
solid or liquid coated on a solid). Since the individual substances have different 
molecular structures, they interact differently with both the stationary and mobile 
phases, and consequently are "pushed" at different rates by the mobile phase. A 
number of chromatographic techniques are summarized in Table 1.3. 
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Table 1.3 Types of chromatography 
S. No. Type Examples 
1 Adsorption 
chromatography 
2 Partition 
chromatography 
3 Modified partition 
(or bonded phase 
chromatography) 
4 Ion-exchange 
chromatography 
5 Exclusion 
chromatography 
6 Electrochromatography 
Column chromatography, thin layer 
chromatography, gas-solid chromatography 
Paper chromatography, reversed-phase thin 
layer chromatography, classical liquid-liquid 
chromatography 
High-performance liquid chromatography 
(HPLC) and high-performance (HP) TLC 
Cation and anion exchange chromatography 
Ion-exclusion and gel permeation 
chromatography, molecule or sieve 
chromatography 
Capillary and zone electrophoresis 
Thin layer chromatography (TLC) is a simple and inexpensive technique that is 
often used to judge the purity of a synthesized compound or to indicate the extent 
of progress of a chemical reaction. In this technique, a small quantity of a solution of 
the mixture to be analyzed is deposited as a small spot on a TLC plate, which consists 
of a thin layer of soil, silica gel or alumina coated on a glass plate or plastic sheet. 
The plate constitutes the stationary phase. The plate is then placed in a chamber 
containing a small amount of solvent, which is the mobile phase. The solvent 
gradually moves up the plate via capillary action, and it carries the deposited 
substances along with it at different rates. The components of the deposited mixture 
appear as spots at different locations up the plate. Substances can be identified from 
their Rp values. The Rf value for a substance is the ratio of the distance that the 
substance travels to the distance that the solvent travels up the plate. The factors 
which influence the magnitude of R? are nature of sorbent and mobile phases, layer 
thickness, activation temperature, sample value, chamber saturation, relative 
humidity and mode of development technique. 
1.14.1 Process of TLC 
The complete process of TLC is summarized in Fig. 1.4 
Sample preparation 
i 
Sample application 
i 
Plate development 
; 
Drying of TLC plate 
i 
Spot detection 
; 
Component removal (Optional) 
i 
Charter 
Documentation 
Fig.l.4The process of thin-layer chromatography 
dlt)ai(Jle; TI 
1.14.2 Advantages of TLC 
TLC is the most versatile and flexible chromatographic method 
(i) It is rapid because precoated layers are available for use as received, without 
preparation. 
(ii) it has highest sample through out because upto 30 individual samples and 
standards can be applied to a single plate and separated at the same time. 
(iii) The automated sample applications and developers allow high accuracy and 
precision in quantification. 
(iv) There is a wide choice of layers, developers and detection methods. 
(v) The wide choice of detection reagents leads to unsurpassed specificity. 
(vi) Less pure samples can be successfully analyzed, as the layers are normally 
not reused. 
(vii) Being an "off-line" method, different steps of the procedure are carried out 
independently. 
(viii) TLC has distinct advantages over HPLC eg. greater detection possibilities, more 
rapid throughput, use of disposable plate, easier sample preparation, low 
solvent consumption and lower operational cost. 
1.14.3 Soil Thin Layer Chromatography 
Soil TLC is an adsorption chromatography, where the adsorbent is a thin layer of soil 
deposited on a glass plate. The soil components provide static phase, where 
adsorption and desorption takes place very rapidly and reversibly. Soil TLC was first 
successfully utilized in 1968 by Helling and Turner [135] for monitoring the mobility 
of pesticides using different types of soil static phases. Later this technique was used 
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by several workers [136-152] to investigate the adsorption and mobility of heavy 
metal ions, pesticides and amino acids. The movement of substances or their 
separation in soil TLC can be affected by altering the conditions of the soil (static 
phase) of diverse nature, solvent (developer) and applied substances. Thus, soil TLC 
provides a very fascinating field of research which can be utilized for investigating 
problems in various applied and non-applied fields. 
1.14.4 Literature 
The work published on soil thin layer chromatography of heavy metals and pesticides 
has been presented briefly in Tablel.4 and Tablel.5. 
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THE PROBLEM 
In modern agrotechnology, enormous quantities of chemical fertilizers, fly ash, 
pesticides, and industrial and sewage wastes are employed to increase the crop 
yield, the excessive use of such materials has resulted in a decrease in the quality 
and quantity of crops due to imbalance in the soil. In order to devise methods for 
minimizing the content of pollutant into food, information is needed about the 
behavior of these pollutants with soil component and their effect on the availability 
of essential elements to plants growth as well as uptake by them. Therefore, the 
problem of the thesis which deals with the interaction and mobility of pesticides, 
surfactants and heavy metals with crops and soils was undertaken and the whole 
work has been divided into eight chapters: 
Chapter I 
Chapter II 
Chapter III 
Chapter IV 
Chapter V 
Chapter VI 
Chapter VII 
Chapter VIII: 
Covers a brief account of present and past literature in related 
fields of soil research. 
Soil layer chromatographic studies of pesticides. 
Effect of chlorpyrifos on the seed germination, growth and 
nutrients uptake by barley (Hordeum vulgare) and Mustard 
(Brassica compestris) plants. 
Studies on ionic surfactants assisted soil: Growth and nutrient 
uptake efficiency of wheat plants. 
Growth and nutrient uptake efficiency of wheat from nonionic 
surfactant amended soil. 
Mobility of some heavy metals as affected by sodium salts of 
various anions by soil thin layer chromatography. 
Soil static planar chromatography of heavy metals with amino 
acids containing mobile phase systems. 
Influence of single and multiple soil contamination of cadmium 
with lead and zinc on growth, chlorophyll contents, uptake and 
translocation of cadmium in tomato plants. 
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2.1 INTRODUCTION 
A new concept of qualitative analysis by Soil thin layer chromatography (STLC) was 
developed by Helling and Turner in 1968 [1]. The convenience and cost effectiveness 
of STLC have resulted in its wide range of applicability by several workers in 
examining the mobility pattern of pesticides [2-8] and heavy metals [9-17] through 
various types of soil beds. 
The use of pesticides has been the common practice in agriculture to control 
the harmful effects of pests and pest born diseases which attack the crops. 
Pesticides enter into soil colloids either by direct application or runoff from treated 
crop plants. Pesticides are also utilized by public health department to control 
various harmful pests and insects. However, indiscriminate use of pesticides found to 
be fatal and causes injurious affect on plants [18-20], animals [21-23] and soil 
microorganisms [24-28]. 
In view of wider applicability of pesticides, it is important to have information 
about their mobility or leachability through soil which has detrimental effect on the 
growth and life process of plants. Investigations [29-33] regarding pesticides 
metabolism in soil and plants, uptake of pesticides by plants from soil and pesticides 
migration in soil by thin layer chromatography (TLC) indicate that STLC has much to 
offer to the chemists interested in examining the uptake, translocation and 
degradation of pesticides in the environment. 
In the light of significant relationship between soils and pesticides, the 
present study was conducted to investigate the migration of pesticides through 
static planar bed of pure soil. The present communication reports the mobility 
pattern of pesticides through pure soil and soil amended with alkaline (Na2C03 and 
NaHCOa) and saline {CaS04 and MgSOa) in order to examine their effect on the 
mobility of pesticides. The results obtained on pure soil have been compared with 
those obtained on silica gel as well as on a mixture of soil and silica gel. The present 
study may be useful in understanding the role of various factors (alkalinity and 
salinity of soil, absence of organic matter from soil and pH of mobile phase) on the 
mobility of pesticides through soil bed. 
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2.2 EXPERIMENTAL 
2.2.1 PHYSICO-CHEMICAL PROPERTIES OF SOIL 
The soil sample (0-30 cm depth) was collected from Botanical garden of A.M.U. fort, 
Aligarh, U.P., India. Soil was air dried and analyzed for physico-chemical properties as 
given below: 
2.2.1.1 Determination of Mechanical Composition 
The Mechanical Compositions of soil sample were determined by international 
pipette method [34]. 
Apparatus and Reagents Required 
7,200 mesh sieves (BSS), graduated measuring cylinder (500 mL), constant 
temperature water bath, pipette, petridish, electronic balance, 30% hydrogen 
peroxide, 0.2 N hydrochloric acid, sodium oxalate solution (8 gL"^ ). 
Procedure 
A 10 g of soil sample previously passed through 7 mesh sieve (BSS) was dispersed in 
water after treatment with 30% H2O2 to remove any organic matter and 0.2 N HCI 
and 50 m l sodium oxalate (8 gl'^) as dispersing agent. The percentage of sand was 
calculated from the weight of residues left behind on 200 mesh sieve (BSS). The 
suspension was then diluted to 500 mL and transferred to a graduated measuring 
cylinder, which was immersed in a constant temperature water bath at 25 ± 1°C 
throughout the coarse of pipetting. A 10 m l sample was pipetted out carefully in a 
petridish at specified intervals (4 min 15 sec and 7 hr 5 min) of time from a depth of 
10 cm. It was dried and weighed. The percentage of clay was calculated from the 
weight of residues. The percentage of silt was calculated by subtracting the sum of 
percentage of all the fractions (sand plus clay) from 100. 
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1.2.1.2 Determination of Soil pH \ ^ ^^ ^ ' > / 
The pH was recorded with Elico pH meter (model LlMQ^s^a^fcgtesf and saturated 
calomel electrodes assembly. A 1:2, soil: water ratio suspension was used for 
measuring the pH of the soil. 
2.2.1.3 Determination of Electrical Conductivity (EC) 
The electrical conductivity was measured at 30 ± 1°C with the help of Philips 
Conductivity Bridge and dip type cell. A 1:2, soil: water ratio suspension was used to 
measure the electrical conductivity. 
2.2.1.4 Determination of Organic Matter 
The organic matter of the soil was estimated by using Walkley and Black [35] 
method. 
Reagents Required 
Aqueous solution of 1 N potassium dichromate, cone, sulfuric acid, orthophosphoric 
acid (85%), 1% alcoholic solution of diphenylamine indicator, aqueous solution of 
N/2 ferrous ammonium sulfate. 
Procedure 
A 2 g of soil sample was taken in 500 mL conical flask. A 10 mL of 1 N potassium 
dichromate solution and 20 mL of concentrated sulphuric acid were added to it. The 
flask was shaken vigorously several times, allowed to stand for 30 min and thereafter 
a 200 mL of distilled water; 10 mL of orthophosphoric acid and 1 mL of 
diphenylamine indicator were added to it. The excess of unreacted potassium 
dichromate was titrated against standard N/2 ferrous ammonium sulfate solution till 
the violet color changed to purple and finally to green. Reagent blank determination 
was also carried out in the same way. From the volume of ferrous ammonium sulfate 
solution used, organic carbon was calculated by using the expression: 
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(Blank titre - Actual titre) x 0.003 x N x 100 
Organic carbon (%) = 
Weight of dry soil in g 
Where, 
N is the normality of ferrous ammonium sulfate solution. 
The value of organic carbon was converted to organic matter by multiplying 
\N\th the factor 1.724. 
2.2.1.5 Determination of Cation Exctiange Capacity (CEC) 
The cation exchange capacity of the soil was determined by the Jackson 
method [36]. 
Reagents Required 
0.05 N hydrochloric acid, 1 N sodium acetate solution (pH 5), 1 N calcium chloride 
solution, EDTA solution, 1% alcoholic solution of eriochrome black "T" ; buffer 
solution of pH 10, 2% aqueous solution of sodium cyanide. 
Procedure 
A 5 g soil sample was taken in a 100 mL conical flask. The soluble salts were washed 
out by treating the soil with 0.05 N HCI and finally with distilled water. It was further 
treated with 1 N sodium acetate of pH 5 for 30 min with intermittent stirring. This 
acidified sample was given five washings with 1 N standard calcium chloride solution. 
The excess salts were removed by washing with 80% aqueous acetone solution until 
the excess CaCb was removed as indicated by a negative AgNOa test for chloride ion 
on the final washing. Finally the calcium ions were exchanged from Ca-soils by 
means of exchanging it with a neutral 1 N sodium acetate solution. The washing 
were collected and utilized in the determination of replaced Ca^* from exchangeable 
sites and titrating it with a standard EDTA solution, using 10 mL of buffer solution 
{NH4CI-NH4OH) of pH 10 and eriochrome black "T" indicator in the presence of 1 mL 
of 2% NaCN solution as masking agent for interfering ions. A reagent blank was also 
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run simultaneously to avoid any error due to impurities. The blank reading was 
subtracted from the reading of calcium determination. From the volume of the EDTA 
solution used, the value of cation exchange capacity was calculated by using the 
following expression: 
.«« -1 -n VxNxlOO 
Cation exchange capacity (meq 100 g soil) = 
Weight of the soil in g 
Where, 
V is the volume of EDTA and N is the normality of EDTA solution used. 
2.2.1.6 Determination of Exchangeable Cations 
The exchangeable cations of soil were determined by method of Jackson [36]. 
Reagents Required 
1 N aqueous solution of ammonium acetate, 6 N nitric acid, 30% H2O2, 6 N 
hydrochloric acid, buffer solution (pH 10), eriochrome black "T", mureoxide 
indicator, 10% potassium hydroxide, EDTA solution, standard solution of Na and K. 
Procedure 
A 50 g soil sample was taken into 250 mL conical flask and then 100 mL 1 N NH4OAC 
solution was added to it. The contents of the flask were shaken for 20 min and 
allowed to stand overnight. The soil contents were then transferred into a buckner 
funnel, in which moist Whatman filter paper (No. 42) was seated by using a gentle 
pressure. The soil was leached with an additional 400 mL of NH4OAC. The filtrate 
containing NH4OAC extract of soil was evaporated to dryness on a steam plate. The 
dark color residue, containing organic matter was treated with 2 mL of 30% H2O2 and 
2 mL of 6 N HNO3, and heated to dryness on a steam plate. The dried organic matter 
free residue was then dissolved in 10 mL of 6 N HCI and diluted with distilled water. 
It was filtered through Whatman filter paper (No. 42) and the volume was made 
upto 100 mL. This solution was used for the determination of exchangeable Na\ K"^, 
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Mg^^ and Ca *^ in soil. Exchangeable calcium plus magnesium was estimated in the 
10 ml of above solution by EDTA titration, using a half test tube of buffer solution 
(pH 10) and 4-5 drops of eriochrome black "T" indicator. Calcium was also estimated 
separately using mureoxide indicator with 10% KOH as recommended by Jackson [3]. 
The volume of EDTA solution for magnesium was calculated by subtracting the 
volume for calcium from the volume of calcium plus magnesium used. The 
exchangeable sodium and potassium were estimated in the above solution using 
"Systronics" flame photometer. Standard curves (Fig. 2.1) of sodium and potassium 
were used for calculating the amounts of Na and K in the above soil solution. 
2.2.1.7 Determination of Water Soluble Salts 
Water soluble salts were calculated from the conductivity measurements using the 
following relationship (Jackson, 1973): 
Percent of water soluble salts in the soil = 
0.064 X EC mmho/cm x % water in soil at extraction 
100 
Total water soluble salts were expressed in meq kg-1 of soil using the following 
formula: 
Total water soluble salts = 
1.25 X EC mmho/cm x % water in soil at extraction 
100 
2.2.1.8 Determination of Available Nitrogen 
Available nitrogen was determined by the method of Hesse [37]. 
(i) Determination of Ammonium Nitrogen 
Reagents Required 
• 2M Potassium cliloride solution: A 150 g KCI was dissolved in 800 mL distilled 
water and boiled with 10 g magnesium oxide for about 15 min, until any 
58 
ci^aptiri 
ammonia present was expelled. The solution was then cooled and filtered 
before making the volume upto the mark. 
• Magnesium oxide: Magnesium oxide was heated at 650°C for two hr in an 
electric muffle furnace and allowed to cool in a desiccator over solid KOH and 
stored in a tightly stoppered glass bottle. 
• l\/lixecl indicator: Mixed indicator solution was prepared by dissolving 
together a 0.1 bromo cresol green and 0.07 g methyl red in 100 mL of 
ethanol. 
" Boric acid solution: A 20 g of boric acid was dissolved in 900 mL of hot 
distilled water. After cooling the solution, 20 mL mixed indicator solution was 
added to it. And then a 0.1 M NaOH solution was added drop wise until the 
color is changed to reddish purple. 
• M/70 hydrochloric acid solution. 
Procedure 
A 5 g soil sample was taken in 100 mL glass stopper conical flask. A 50 mL of 2 M KCI 
solution was added in it. The flask was shaken vigorously for an hr and the soluble 
contents were extracted through Whatman filter paper (No. 42). A 10 mL solution 
from extract was taken in distillation flask and diluted with 50 mL distilled water. A 
0.5 g magnesium oxide was added through a long-stemmed funnel into the flask. 
Ammonia was distilled into a solution of 5 mL of boric acid containing mixed 
indicator through a condenser until the final volume of the distillate was reached to 
about 30 mL The boric acid was then titrated with M/70 HCI by using a micro 
burette until the green color changed to pink. A blank was also run in the same way. 
The available ammonium nitrogen was calculated using the relation: 
1 ml of M/70 HCI = 0.2 mg of nitrogen. 
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(ii) Determination of Nitrite Nitrogen plus Nitrate Nitrogen 
Reagents Required 
• All the reagents used in the determination of ammonium nitrogen. 
• Devarda alloy: Finally grounded and passed through a 0.15 mm sieve. 
Procedure 
After distillation of ammonium nitrogen, the stopper of the distillation flask was 
removed and a 0.2 g of Devarda alloy and 50 mL of distilled water were added to it. 
The distillation flask was stoppered and then ammonia was distilled in a fresh 
portion of 5 mL boric acid solution until 30 mL distillate was collected and then it was 
titrated with M/70 HCI. The value of nitrite nitrogen plus nitrate nitrogen was 
calculated in the same manner as described in the determination of ammonium 
nitrogen. 
(Hi) Determination of Nitrate Nitrogen 
Reagents Required 
• All the reagents used in the determination of nitrite plus nitrate nitrogen. 
• 2% sulphamic acid solution. 
Procedure 
The experimental procedure was partly the same as described in the determination 
of available ammonia nitrogen.After distillation of ammonium nitrogen the stopper 
of the distillation flask was removed and 1 mLof a 2% aqueous solution of sulphamic 
acid was added to the flask. The distillation flask was swirled for few seconds to 
destroy the nitrite and then 0.2 g Devarda alloy and 50 mL distilled water were 
added in it. It was stoppered and ammonia was distilled in a fresh portion of boric 
acid solution. About 30 mL distillate was collected in each case and titrated with 
M/70 HCI. The value of nitrate nitrogen was calculated in same manner as described 
in the determination of ammonium nitrogen. 
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(iv) Determination of Nitrite Nitrogen 
The value of nitrite nitrogen was calculated from the following expression: 
Nitrite nitrogen = (Nitrite nitrogen + Nitrate nitrogen) -Nitrate nitrogen. 
2.2.1.9 Determination ofAvaiiable Phosphorus 
Available phosphorus was determined by the method of Olsen [38] 
Reagents Required 
• 0.5 M sodium bicarbonate solution (pH 8.5). 
• Draco G 60, phosphorus free charcoal. 
• Chloromolybdic acid: (15 g ammonium molybdate + hydrochloric acid + 650 
mL warm distilled water). 
• Stannous ciiloride solution: (10 g SnCIa . 2H2O was dissolved in 25 mL cone. 
HCI, then 0.5 mL of this solution was dilute with 66 mL distilled water). 
• Standard phosphorus solution. 
Procedure 
A 5 g soil sample was taken in a 150 mL conical flask and one teaspoonful of charcoal 
was added to it. The sample was then treated with 100 mL of 0.5 M sodium 
bicarbonate solution. The content of the flask was shaken for 30 min on a 
mechanical shaker and kept over night. It was then filtered through a Whatman filter 
paper (No. 42). 
A 5 mL of the clear soil extract was taken in 25 mL of measuring flask and 5 
mL of chloromolybdic acid solution was added and the contents were thoroughly 
mixed. After shaking, 1 mL of stannous chloride solution was added and the volume 
was made up to 150 mL with distilled water. A blue color was developed. A blank 
was also run in the same way. The absorbance of the solution was recorded after 5 
min with Bausch and Lomb using spectronic '20' at a wave length of 660 nm. The 
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concentration of phosphorus was determined by means of the standard curve (Fig. 
2.2) already prepared for this purpose. 
2.2.1.10 Determination of available Heavy Metals in Soil 
The available heavy metals present in soil was determined by the method of 
Tandon [39] 
Apparatus and Reagents 
• Double beam atomic absorption spectrophotometer (GBC-902). 
• DTPA extracting solution: To prepare 1 L DTPA extracting solution, 13.1 mL 
reagent grade TEA, 1.967 g DTPA (AR Grade), 1.47 g of CaCIa and HCI were 
added in distilled water maintaining the pH of solution to 7.3. 
• Standard solutions of heavy metals (Cu, Fe, Mn and Zn). 
Procedure 
The extraction of heavy metals from the soil was made by taking 10 g of soil with 20 
mL of DTPA extracting solution for 2 hr with intermittent stirring. The suspension 
was then filtered through Whatman filter paper (No.42).Available Cu, Fe, Mn and 
and Zn were determined directly from these extract by using double beam atomic 
absorption spectrophotometer (GBC-902). 
The physico-chemical properties of soil determined by above methods are listed in 
Table 2.1. 
2.2.2 CHROMATOGRAPHY 
Apparatus 
A TLC applicator (Toshiniwal, India), glass plates (20 x 3.5 cm^), glass jars (24 x 6 cm^) 
with lid, micropipette, dropper and mechanical shaker were used. 
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Chemical and reagents 
All pesticides - dimethoate, methyl parathion, malathion, dichlorvos and chlorpyrifos 
were from Bayer (India) except ziram which was from accu standard. Inc. New Haven 
(Table 2.2). PAN (l,2'-PYridylazo)-2-naphthol), formic acid, acetic acid, sodium 
formate, sodium acetate and iodine were form CDH, Mumbai, India. All other 
chemicals and reagents used were of Analytical Reagent grade. 
Stationary phase 
The following stationary phases were used: 
Code Composition 
Si 
S2 
S3 
S4 
Ss 
Se 
S7 
Sg 
S9 
Sio 
Sn 
S12 
Sl3 
Sl4 
Sl5 
S16 
Sl7 
S18 
Sl9 
S20 
S2I 
S22 
Pure soil 
Soil amended w 
Soil amended wi 
Soil amended w 
Soil amended wi 
Soil amended w 
Soil amended w 
Soil amended w 
Soil amended w 
Soil amended w 
Soil amended w 
Soil amended wi 
Soil amended w 
Soil amended w 
Soil amended w 
Soil amended w 
th 1% NazCOs 
th 2% NazCOa 
th 5% NazCOs 
th 10% NazCOs 
th 1% NaHCOs 
th 2% NaHCOa 
th 5% NaHCOa 
th 10% NaHCOa 
th 1% MgS04 
th 2% MgS04 
th 5% MgS04 
th 10% MgS04 
th 1% CaS04 
th 2% CaS04 
th 5% CaS04 
th 10% CaS04 Soil amended w 
Soil without organic matter 
Soil + silica gel (8:2) 
Soil + silica gel (1:1) 
Soil + silica gel (2:8) 
Silica gel G 
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Mobile phase 
The following mobile phases were used: 
Mobile phase 
Water 
Aqueous formic acid 
Aqueous sodium formate 
Aqueous (formic acid + 
sodium formate) 
Aqueous acetic acid 
Aqueous sodium acetate 
Aqueous (acetic acid + 
sodium acetate) 
Buffer Solution* 
Code 
M l 
Mz 
M3 
M4 
Ms 
Me 
M7 
Mg 
Mg 
Mio 
M i l 
M12 
Mi3 
Mi4 
Mi5 
M16 
Ml7 
M18 
Mi9 
M20 
M21 
M22 
M23 
M24 
Mzs 
M26 
M27 
M28 
Composition 
Double distilled water (DDW) 
0.01 M 
0.1 M 
1 M 
2 M 
0.01 M 
0.1 M 
1 M 
2 M 
3:7{M3+M7) 
1:1(M3 + M7) 
7:3(M3 + M7) 
0.01 M 
0.1 M 
1 M 
2 M 
0.01 M 
0.1 M 
1 M 
2 M 
3:7 (Mi4 + Mis) 
l : l ( M i 4 + Mi8) 
7:3(Mi4 + Mi8) 
pH 2.3 (phosphoric acid + boric 
acid) 
pH 3.4 (M24 + 8mlNaOH) 
pH 5.7 (M24+10mlNaOH) 
pH 7.0 (M24+14mlNaOH) 
pH l l . 9 (M24+60mlNaOH) 
* 50 mL of 0.04 M phosphoric acid and 50 ml of 0.04 M boric acid was taken in all 
systems (M24-M28)- NaOH (0.24 M) was used 
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Test sohjtions 
All the test solutions (10%) of pesticides were prepared in ethanol except ziram 
which was prepared in aqueous NaOH (0.1 N). 
Detector 
Iodine vapours were used to detect all the pesticides except ziram which was 
detected with (0.01%) PAN in methanol. 
Preparation of TLC plates 
• Soil thin layer plates 
To prepare soil TLC plates, soil sample was dried, grounded and sieved 
through 100 mesh (BSS) and then slurried mechanically by shaking for 5 min 
after mixing the soil with DDW in a ratio of 1:2 (soil: water). The resultant 
slurry was coated onto (20 x 3.5 cm) glass plates by means of TLC applicator 
to give 0.5 mm thick layer of soil in each case. The plates were air dried (30 ± 
2'*C) and two horizontal lines were ascribed at a distance of 3 and 13 cm from 
the base so that a 10 cm distance could be used for development of plates. 
Tlie plates were stored in TLC chambers until used. 
• Organic matter free soil TLC plates 
Soil was treated with 30% H2O2 to remove organic matter contents in soil. 
Qlganic matter free soil was used to prepare TLC plates in the same manner 
a? described above. 
• Itiorganic salt added soil TLC plates 
^ i l was mixed with Na2C03, NaHCOa, MgS04 and CaS04 in varying 
p/oportions (99:1, 98:2, 95:5, 90:10 by weight) and mixed with DDW in ratio 
(1:2, soil:water). This slurry was used to prepare plates as described above. 
• Silica gel 6 TLC plates 
Shirry was prepared by mixing silica gel G with double distilled water in a 1:3 
wtio and then mechanically shaken for 5 min. It was coated onto glass plates 
v/ith the help of a TLC applicator to give 0.5 mm thickness. The plates were 
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first air dried at room temperature and then activated by heating at 100°C for 
1 hr. After activation, the plates were kept in air tight chamber until used. 
• Silica gel added soil TLC plates 
Soil mixed with silica gel G in different ratios (8:2, 5:5, 2:8 by weight) were 
slurried with double distilled water in a 1:2 ratio by shaking for 5 minutes. 
Using this slurry, thin layers were prepared under the same experimental 
conditions as described above for soil TLC plates. 
Procedure 
About 5 \il of pesticides solutions were spotted on the base line of soil TLC plates 
with the help of micropipette. After drying of spots, the plates were developed with 
desired mobile phase by ascending chromatographic technique in TLC glass jars. To 
prevent disintegration of soil in contact with developer, wetted strips of filter paper 
(about 2.5 cm wide) were wrapped around the bottom of plants before the 
development. After development, the plates were removed from the jars, dried at 
room temperature and detected as brown spots by exposure to iodine vapour or 
pink spots with PAN indicator. 
The mobility of pesticides in term of Rp value was calculated by the following 
formula: 
RF = 0.5 (RL + RT) 
where, RL = Leading distance travelled by pesticide 
RT = Trailing distance travelled by pesticide 
2.3 RESULTS AND DISCUSSION 
The results obtained have been summarized in Tables 2.3 - 2.5 and Figs. 2.3 - 2.5. 
The mobility (or Rp) data given in Table 2.3 indicate that DM, MP and ML show 
significant migration whereas DV and CL show little mobility through soil layers 
developed with double distilled water. ZM remains almost at the point of application 
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(RF = 0.01). To understand the mobility pattern of the pesticides through soil beds of 
different nature, the soil sample was treated with various inorganic salts (Na2C03, 
NaHCOa, MgS04 and CaS04). The resultant soil phases were used as stationary phase 
for studying the mobility of pesticides. The alkaline salts (Na2C03 and NaHCOs) and 
saline salts (MgS04 and CaS04) were selected to amend the soil phase in order to 
examine the retention of pesticides through alkaline as well as saline soil static 
phases. From the results presented in Table 2.3 following trends are noticeable. 
Alkaline soils 
(a) Effect of Na2C03 amendment 
Amendment of soil with 1% concentration of Na2C03 causes a decrease in R? value of 
all pesticides except CL and ZM. CL and ZM showed no charge in their mobilities. The 
lowering in Rp value is indicative of strong sorption of pesticides by Na2C03 treated 
soil compared to untreated (or pure) soil phase. It appears that the mobility of four 
pesticides (DM, MP, ML and DV) is decreased on the increase in pH of the soil 
stationary phase. A strong retention (or least mobility) of pesticides was observed of 
10% concentration level of Na2C03 (Ss). Furthermore, the R? values of all pesticides 
except ZM were found to decrease with the increase in concentration of Na2C03 
(1-10%) in soil (S2-Ss). ZM did not show any change in mobility over entire range of 
Na2C03 concentration. 
(b) Effect of NaHC03 amendment 
Addition of NaHCOs into soil brings about almost similar effect on the mobility of 
pesticides as observed in the case of Na2C03. Therefore, it further supports that a 
rise in alkalinity of soil bed resulted in decrease in the mobilities of pesticides. 
Saline soils 
(a) Effect of MgS04 amendment 
Addition of 1% concentration of MgS04 resulted in lowering of the mobilities of all 
pesticides except CL and ZM. CL and ZM again showed no change in their mobilities 
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over the entire concentration range of MgS04. In the case of other pesticides, Rp 
value was found to decrease with the increase in concentration of MgS04 from 1% to 
10% in soil (S10-S13). However, all pesticides have significantly low mobility at 10% 
MgS04. DM showed tailed spots at 1% or 2% concentration of MgS04. ZM remained 
at the point of application (Rp = 0.01) indicating strong interaction with the soil phase 
over entire range of MgS04 concentration. 
(b) Effect of CaS04 amendment 
Addition of CaS04 upto 5% concentration into soil brings about almost similar effect 
on the mobility of pesticides as observed in the case of MgS04. But at 10% 
concentration level of CaS04, pesticides (DM, MP, ML and DV) showed increase in Rp 
values compared to their Rp at lower CaS04 concentration (1-5%). Tailed spots for DV 
at 1, 2 and 10% and ML at 5% concentration levels of CaS04 were noticed. The tailing 
in spots is introduced due to competitive interactions among pesticides, added salts 
and soil. From the results of Table 2.3, it is evident that the mobility of pesticides on 
CaSO* amended soil is higher compared to their mobility on MgS04 amended soil. It 
appears that the mobility of pesticides is influenced by the ionic index (ZiVr) of 
cations of added salts. Ca *^ with lower value of ionic index (4.04) offers lesser 
interactions to pesticides compared to Mg^* which has ionic index as 6.15. Thus, 
pesticides move faster through Ca added soil compared to their mobility through 
Mg added soil. This observation is in consonance with the findings of earlier 
workers [40]. 
Effect of silica gel in soil on mobility of pesticides 
Silica gel has been commonly used as adsorbent to examine the mobility of 
pesticides [41-45] and hence it was thought to investigate the role of silica gel in soil, 
a natural adsorbent. Except ZM, all pesticides show higher mobility on silica layer 
compared to their mobility on soil layer. Thus, the presence of silica gel in soil 
promotes the mobility of pesticides (Table 2.4). This observation indicates that 
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to check the transportation of pesticides through soil bed, it should be free 
from silica gel. 
In contrast to earlier findings [46], the mobility of pesticides on soil organic 
matter (SOM) free soil was lower (Fig. 2.3) compared to their mobility on pure soil as 
indicative by positive value of ARF (ARF = Rp on soil - Rp on SOM free soil). It appears 
that in the present case, the SOM enhances the mobility of pesticides through soil by 
weakening the pesticides - soil interactions. 
Effect ofpH of the buffered mobile phase 
To examine the effect of pH of mobile phase, borate buffer solutions of different pH 
values were used as mobile phase for the chromatography of pesticides on pure soil 
layers. DM, MP and ML were found to migrate through soil layer at all pH values of 
mobile phase. Conversely, DV and CL are strongly retained on soil layer showing little 
mobility and thus they can not be transported through soil bed. ZM could not be 
detected clearly. No significant change in mobility of these pesticides was realized 
with the change of pH of buffer solutions. As clear from the results presented in 
Table 2.5, all pesticides show almost similar mobility in distilled water (Mi) and 
buffer solutions {M24-M28)- It is, therefore, concluded that the role of pH of mobile 
phase on the mobility of pesticides under study through soil bed is significant. 
Effect of mobile phase composition 
(a) Formic acid - sodium formate system 
Trend of mobility of pesticides (Fig. 2.4) was in the order ZM<DV<CL<DM<ML<MP in 
aqueous formic acid and formic acid-sodium formate systems, whereas in aqueous 
sodium formate the order was ZM<DV<CL<ML<DM<MP. There was a decrease in the 
mobility of all pesticides at higher concentrations (1 or 2 M) of formic acid and 
sodium formate compared to their mobilities at lower concentrations (0.01 or 0.1 
M). DM shows tailed spots at all concentration levels of formic acid. ZM could not be 
detected on soil TLC plates developed with 1.0 and 2.0 M formic acid. The mobility 
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trend of pesticides is marginally modified in mobile phase systems consisting of 
formic acid and sodium formate in different ratio. 
(b) Acetic acid - sodium acetate system 
Trend of mobility of pesticides (Fig. 2.5) was in the order ZM<DV<CL<DM<ML<MP in 
aqueous acetic acid and acetic acid-sodium acetate systems whereas in aqueous 
sodium acetate the order was ZM<DV<CL<ML<DM<MP. CL shows tailed spots at all 
concentration levels of acetic acid, sodium acetate and acetic acid-sodium acetate 
systems except in 0.01 M of acetic acid. ZM could not detected when TLC plate was 
developed with 0.01 M of aqueous acetic acid. Compared to individual mobile 
phases, mobility pattern of pesticides was modified in mixed mobile phase systems. 
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Table 2.1 Physico-chemical properties of soil 
Characteristics Value 
Soil type lllitic fine sandy loam 
pH (l:5,soils : water) 8.66 
EC(dSm'^ ) (1:5, soils: water) 0.75 
Water soluble salts {%) 0.25 
Mechanical composition (%) 
Sand 61.10 
Silt 25.10 
Clay 13.80 
Organic matter (%) 0.48 
Cation exchange capacity (meq 100 g~^  soil) 16.2 
Exchangeable cation (meq 100 g"^ soil) 
Na^ 1.10 
K^  0.37 
Mg^* 0.55 
Ca *^ 5.50 
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Table 2.3 Mobilities (Rp value) of pesticides on salt amended soil plates using 
DDW as mobile phase 
Stationary Rf value of Pesticides 
phase DM MP ML DV CL ZM_ 
Si 0.87 0.95 0.82 0.16 0.03 0.01 
52 0.70 0.83 0.81 0.15 0.05 0.01 
53 0.68 0.63 0.60 0.14 0.04 0.01 
54 0.58 0.52 0.57 0.05 0.03 0.01 
Ss 0.12 0.14 0.27 0.04 0.03 0.01 
Se 0.85 0.81 0.79 0.14 0.03 0.01 
S7 0.56 0.78 0.73 0.13 0.03 0.01 
Sa 0.53 0.35 0.73 0.12 0.02 0.01 
Sg 0.42 0.08 0.67 0.10 0.02 0.01 
Sio 0.62 T 0.84 0.80 0.13 0.02 0.01 
Sii 0.60 T 0.72 0.61 0.10 0.02 0.01 
S12 0.35 0.63 0.50 0.05 0.03 0.01 
Si3 0.34 0.18 0.19 0.07 0.02 0.01 
Si4 0.85 0.82 0.78 0.16 T 0.03 0.01 
Sis 0.84 0.79 0.77 0.16 T 0.02 0.01 
S16 0.83 0.77 0.56 T 0.14 0.03 0.01 
Si7 0.91 0.90 0.78 0.20 T 0.04 0.01 
T = Tailed spot ( R L - R T > 0.3) 
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Table 2.4 Mobilities (RF value) of pesticides on silica gel, silica gel mixed soil and 
soil (organic matter free) using DDW as mobile phase 
RF value of Pesticides 
Stationary 
phase DM MP ML DV CL ZM 
Si 0.87 0.95 0.82 0.16 0.03 0.01 
Sig 0.56 0.78 0.51 0.07 0.03 0.01 
Si9 0.89 0.96 0.84 0.17 0.03 0.01 
$20 0.90 0.97 0.87 0.17 0.04 0.01 
$21 0.92 0.98 0.89 0.19 0.05 0.01 
S22 0.88 0.96 0.83 0.18 0.04 0.01 
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Table 2.5 Mobilities (RF value) of pesticides on soil layers using different pH of 
the buffered mobile phase 
Mobile 
phase 
DM MP 
RF value of Pesticides 
ML DV CL ZM 
Ml 0.87 0.95 0.82 0.16 0.03 0.01 
M24 0.86 0.84 0.79 0.15 T 0.025 ND 
M25 0.89 0.89 0.83 0.19 T 0.03 ND 
M26 0.92 0.95 0.85 0.21 0.035 ND 
M27 0.86 0.87 0.83 0.14 0.025 ND 
M28 0.79 0.84 0.74 0.13 0.02 0.01 
T = Tailed spot (RL - RT ^  0.3) 
ND = Not detected 
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Fig. 2.2 Standard curve for phosphorus by spectrophotometer 
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Fig. 2.3 Plot of ARF(RF on soil - Rpon SOM free soil) versus pesticides 
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3.1 INTRODUCTION 
The demand of d i f ferent kinds of organic pesticides is increasing to control 
harmful effects of pests [1] and pest born diseases in agr icul ture to maximize 
the crops yield. The effectiveness of such chemicals for cont ro l l ing various 
diseases in plants grown on the soils dependent upon several factors such as 
types of plants as wel l as the physico-chemical behaviour of the soils viz. 
soi l - texture, nature and extents of clay minerals, organic mat ter , pH, 
tempera ture , humidi ty , nature and extent of soluble salts and exchangeable 
cations etc [2] . 
Some of the pesticides are reported to be benef ic ial for plants g rowth 
if used at the i r lower concentrat ion but becomes phytotox ic [3] at their 
higher doses due to the change in the act iv i ty of some useful soil micro 
organisms [4,5] involved in convert ing unusable plant nut r ients of the soil 
into thei r usable forms needed by plants [6] . 
Chlorpyrifos [o,o-diethyl o-3,5,6-trichloro-2-pyridyl phosph-orothioate] is 
widely used as a broad spectrum insecticide to cont ro l insects such as 
termi tes, whi te grubs, ground weevils, some fol iar insects etc. in recent past 
[7]. It is a non-systemic organophosphorus insecticide w i t h contact stomach 
and respiratory act ion. Chlorpyrifos persists in soil for 2-4 months [8] and 
has low solubi l i ty [9] in water. The acute oral LD50 for rats is 155 mg/kg and 
acute dermal LD50 for rabbits is 2100 mg/kg [10]. It is also found to affect 
acetylcholinesterase enzyme activi ty and cause fe to tox ic and teratogenic 
effects in rats [11]. 
The work on the phytotoxic behaviour of ch lorpyr i fos on a var iety of 
crops grown on Indian soils is lacking. So, it was considered wor thwh i le to 
evaluate the effect of Chlorpyrifos on the germinat ion , g row th and nutr ients 
uptake for Barley (Hordeum vulgare) and Mustard (Brassica compestris) 
plants w i th a v iew to assess its behaviour in regards to f ind its op t imum 
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tolerance limit for healthy growth of these plants for maximizing their 
quality and production and to minimized the risk of pollutional problems 
posed by it in soil environment. 
3.2 EXPERIMENTAL 
The soil sample (0-30 cm depth) used in this investigation was an illitic fine 
sandy loam collected from agricultural farm of Aligarh IVIuslim University, 
Aligarh (UP), (ndia. {t was air dried at room temperature (30+2°C), crushed 
and sieved through a 100 mesh sieve (BSS.) to get the particles of uniform 
size. The important physico-chemical properties of the soil viz : pH, 
mechanical composition, organic matter, cation exchange capacity, 
exchangeable cations, available nitrogen, available phosphorus,available 
Cu,Fe,Zn and Mn were determined as described in chapter 2. The results are 
listed in Table 3.1. 
For pot experiments, 2 kg soil samples were taken in each 
earthenware pots inner coated with coal tar to avoid the risk of nutrients 
absorption from soil. The soil were then amended thoroughly by mixing the 
requisite quantities of Chlorpyrifos in two sets of experiments. In case of 
Barley crop, the doses of pesticide were adjusted to 0 (control), 75, 150, 300 
and 600 mg kg'^ soil while for Mustard crop the doses were 0 (control), 50, 
100, 150 and 300 mg kg"^ soil. The soil, in each pot, was then wetted with 
distilled water to about 60% of its water holding capacity. Out of the 
certified seeds of Barley and Mustard procured from the Quarsi government 
agricultural farm, Aligarh, ten seeds of each variety were sown in each pot 
for every treatment in three replicates. The pots were kept at 35±1°C in a 
green house, while maintaining moisture levels by adding distilled water 
when necessary. After seed germination, the sprouts were equally thinned 
and allowed to grow for a total period of 90 days. The plants were removed 
from the pots and separated into roots and shoots. Shoots were properly 
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washed with distilled water and dried in an oven at 70 ± 2°C ti l l a constant 
weight was obtained. The physiological parameters such a seed germination, 
number of leaves, shoot length, root length, fresh shoot weight and dry 
shoot weight were examined. The results were statistically verified at 5% 
level of significance [12] and are reported in Tables 3.2 and 3.3. 
These dried plants were ashes at 180°C for 4 hrs and finely powdered 
for the determination of nutrients uptake such as Na, K, Ca, Mg, Cu, Zn, Mn 
and Fe. Out of these, one gram grounded plant sample of each treatment 
were digested with 10 mL of acid mixture containing HNO3: HCIO4 (4:1, v/v). 
The digested samples were heated on a hot plate til l the brown fumes ceased 
and the digested material is converted into a syrupy liquid with some white 
fumes. The samples of the syrupy liquid were dissolved in 5 mL of 
concentration HCI and diluted with distilled water. To obtain the clear 
solutions, they were filtered and then adjusted to a volume of 50 mL in each 
case. The amounts of metals uptake for Na, K and Ca were estimated from 
these solutions by using "systronic" flame photometer. The quantity of 
calcium plus magnesium was determined by EDTA titration using eriochrome 
black 'V indicator and buffer solution of pH 10. The amount of magnesium 
was then calculated by subtracting the value of Ca from (Ca+Mg). The 
quantity of Fe^* was determined by spectrophotometer by using 1,10-
phenanthroline as colouring agent at 490 \xm wavelength. The 
concentrations of Cu, Zn and Mn were estimated by Atomic Absorption 
Spectrophotometer (GBC-902). The results are reported in Tables 3.4 
and 3.5. All chemical and reagents used in the experiments were of 
analytical reagent grade. 
3.3 RESULTS AND DISCUSSION 
The results obtained have been summarized in Tables 3.2 - 3.5 and Figs. 3.1 
and 3.2. An examination of results (Tables 3.2 and 3.3) show a significant 
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beneficial effect in physiological parameters w i th regards to growth and 
development in Barley and Mustard plants as a result of Chlorpyrifos 
amendments at its lower doses but become phytotoxic at higher levels of its 
amendments. However, the beneficial dose on these plants vary for Barley 
and Mustard plants in order - Barley > Mustard . The beneficial effect on 
various physiological parameters wi th respect to contro l are shown in 
Figs. 3.1 and 3.2. The beneficial effect in percentage w i th respect to contro l 
were: 
• Barley plants: SG : 3.67, NL : 28.57, SL : 32.43, RL : 18.18, SWf 
:19.62, SWd : 31.29 upto a dose of 75 mg kg"^ soi l . 
• Mustard plants: SG : 13.05, NL : 25.00, SL : 27.27, RL : 22.22, SWf 
:14.84, SWd : 22.46 upto a dose of 50 mg kg"^ soi l . 
The percentage inhib i t ion in physiological parameters were: 
• Barley plants: SG : 7.44, 14.89, 63.00, NL : 28.57, 50.00, 64.29, SL : 
5 .41 , 13 .51, 50.00, RL : 9.09, 27.27, 54.55, SWf :11.00, 36.84, 89.47, 
SWd : 29.77, 55.72, 83.97 for respective doses of 150, 300 and 600 mg 
kg"^ soil. 
• Mustard plants:SG : 13.05, 34.73, 52.22, NL : 25.00, 50.00, 66.67, SL : 
24.24, 39.39, 54.55, RL : 11.11, 30.55, 44.44, SWf :11.13, 36.52, 82.17, 
SWd : 13.23, 52.30, 77.54 for respective doses of 100, 150 and 300 mg 
kg'^ soil. 
The beneficial effect of Chlorpyrifos upto 75 mg kg"^ soil for Barley 
and 50 mg kg"^ soil fo r Mustard plant may be regarded as beneficial and non-
toxic l imit for soil microbes responsible for conver t ing the unusable soil 
nutr ients into thei r usable forms. Thus the enhanced bioact iv i ty may be the 
key factor in releasing the plant nutr ients needed for plant g rowth [13]. 
However, the inhib i tory t rend on seed germinat ion and g rowth for Barley 
and Mustard plants might be due to the toxic behaviour of Chlorpyri fos on 
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soil microbes such as azotobactor spp., Rhizobium spp., cellulolytic 
microorganisms, phosphate dissolving microbes and other beneficial soil 
microorganisms [14-16]. 
The results (Tables 3.4 and 3.5) for the nutrients uptake as a result of 
Chlorpyrifos amendments in soil indicate that the concentrations of Na, K, 
Ca, Mg, Fe, Mn, Zn and Cu uptake were found to increase at its lower 
concentration (upto 75 mg kg"^ soil for Barley plant and upto 50 mg kg"^ for 
Mustard plants) and thereafter an inhibitory trend is noticed throughout the 
entire range (150 -600 mg kg"^ soil for Barley and 100 - 300 mg kg'^ soil for 
Mustard) of study. The nutrients uptake is found to be in the sequence of K> 
Na> Ca> Mg for macronutrients while for micronutrients, the trend follow 
the order Fe> Mn> Zn>Cu for both these plants but with different intensity. 
Thus, the nature of plants grown on soils play an important role in 
assessing the pollutional problems posed by extensive use of pesticides and 
other pollutants in soil environment. 
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Table 3.1 Physico-chemical properties of the soil used in the pot experiment 
Parameters Values 
Mechanical composition {%) 
Sand 61 
Silt 25 
Clay 14 
pH (1:5, soils : water) 8.8 
EC (1:5, soils : water) (mmhos cm"'^ ) 
Organic matter (%) 
Cation exchange capacity (meq . 100 g"^ soil) 
Exchangeable cations (meq . 100 g"^ soil) 
Na^ 
Ca^^ 
Mg^* 
Exchangeable nitrogen (mg kg~ )^ 
N H / - N 
NO2' - N 
NO3' - N 
Phosphorus (mg kg~^) 76.0 
Heavy metals (ppm) 
Cu'^ 3.0 
Zn'^ 0.59 
Mn'^ 4.96 
Fe^* 6.24 
4.8 xlO" 
0.41 
16.3 
1.0 
0.5 
3.5 
1.2 
52.0 
6.0 
40.0 
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Table 3.2 Effect of Chlorpyrifos on the physiological parameters of Barley 
(Hordeum vulgare) plant 
Doses of Parameters 
Chlorpyrifos _ ^ 
(mgkg"^soil) SG NL SL RL SWf SWd 
% {per plant) (cm/plant) (cm/plant) (g/plant) (g/plant) 
0 90.0 14.0 37.0 22.0 6.27 2.62 
75 93.3 18.0 49.0 26.0 7.50 3.44 
150 83.3 10.0 35.0 20.0 5.58 1.84 
300 76.6 7.0 32.0 16.0 3.96 1.16 
600 33.3 5.0 18.5 10.0 0.66 0.42 
LSD at 5% 2.92 2.7 2.63 2.19 0.61 2.13 
level 
Values are mean of three replicates 
SG = Seed Germination, NL = No. of Leaves, SL = Shoot Length 
RL = Root Length, SW/ = Fresh Shoot Weight, SWd = Dry Shoot weight 
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Table 3.3 Effect of Chlorpyrifos on the physiological parameters of 
Mustard (Brassica compestris) plant 
Doses of 
(mgkg'^soil) 
0 
50 
SG 
(%) 
76.6 
86.6 
NL 
{per plant) 
12.0 
15.0 
Parameters 
SL 
(cm/plant) 
33.0 
42.0 
RL 
(cm/ plant) 
18.0 
22.0 
SW/ 
(g/plant) 
7.01 
8.05 
SWd 
(g/plant) 
3.25 
3.98 
100 66.6 9.0 25.0 16.0 6.23 2.82 
150 50.0 6.0 20.0 12.5 4.45 1.55 
300 36.6 4.0 15.0 10.0 1.25 0.73 
LSD at 5% L20 L94 Z06 IJl 0^39 0.18 
level 
Values are mean of three replicates 
SG = Seed Germination, NL = No. of Leaves, SL = Shoot Length 
RL = Root Length, SW/= Fresh Shoot Weight, SWcf = Dry Shoot weight 
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100 
• SG •NL -SL •RL .SWf-»—SWd 
Fig 3.1 Percent inhibition of growth as a function of applied Chlorpyrifos 
concentration on Barley (Hordeum vulgare) plant 
100 
• S G • N L • S L • R L • SWf • S W d 
Fig 3.2 Percent inhibition of growth as a function of applied Chlorpyrifos 
concentration on mustard (Brassica compestris) plant 
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Studies on Ionic Surfactants assistedSoiC: 
(jTowtfi and nutrient Vpta^ efficiency of 
Wfieat slants 
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4.1 INTRODUCTION 
The use of surface active agents or surfactants, as detergents, emulsifiers and 
wetting agents in industrial and household activities has increased considerably in 
recent years. In pesticide formulations surfactants have been commonly used [1,2]. 
The first study on the use of surfactant for clean-up of contaminated soil was 
reported from the American Petroleum Institute in 1979. The application of 
surfactants for chemical remediation of contaminated soil leads to complex 
interactions among surfactants, soil pollutants and microorganisms [3]. These 
interactions are dependent on (i) the type and physico-chemical state of the 
pollutant, (ii) the composition of the soil, (iii) the activity of the microorganisms, and 
(iv) the external factors, such as the temperature and presence of nutrients and/or 
oxygen. According to previous studies [4-7] the addition of surfactant to soil often 
significant change in adsorption of pollutants on soil phase. Long-term treatment 
with surfactants causes pollution [8] of soil and water, which affects growth, 
development, and metabolism of soil microorganisms [9-11], plants [12-16] and 
aquatic organisms [17]. 
Surfactants are substances having two different moieties, one polar 
(hydrophilic or lipophobic), and the other nonpolar (hydrophobic or lipophilic) at 
opposite ends of a single molecules. They are known to possess powerful 
bactericidal properties (i.e. they kill bacteria) and are capable to modify the physical 
and chemical properties of the soils [18]. They solubilize nonpolar plant substances 
such as waxy critical or the lipoidal part of the cell wall that facilitate the rapid 
absorption of the toxic as well as beneficial chemicals. They enter into the 
intercellular spaces and affect plant growth systems and amino acids [19]. 
Literature survey reveals that no much information is available on the use of 
surfactants in relation to plant growth. Hence, during present study an experiment 
was designed to investigate the effect of ionic (cationic and nonionic) surfactants on 
growth and nutrients uptake by wheat plants. 
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4.2 EXPERIMENTAL 
The soil 
The soil (0-30 cm depth) used in the experiment was obtained from the field of 
Aligarh Muslim University, situated in Aligarh district (India). The uncontaminated 
soil was air dried, passed through a 100 mesh (BSS) sieve. The soil texture was fine 
sandy loam. The physico-chemical properties of the soil were determined by the 
methods used in Chapter 2. The results are presented in Table 4.1. 
Poly House Experiment 
A poly house experiment was conducted in thirty six earthen pots. The pots were 
cleaned and coated with coal tar. The soils were treated with 0.1% aqueous solutions 
of CTAB (cationic surfactant), and SDS (anionic surfactants) at different 
concentrations levels 0 (control), and 5, 10, 20, 40 and 80 mL kg'' soil). The basal 
fertilizers applied (0.45 g kg'^ soil) were N (as urea), P2O5 (as CaHP04) and K2O (as 
K2SO4) in 1:1:1 ratio by weight. All contents were mixed homogeneously with the 
soil. The mixture was then adjusted with deionized water to 60% of water holding 
capacity (WHC) and maintained at this moisture content for 2 days. The subsamples 
were mixed homogeneously again and aliquots (1.6 kg oven dry weight) were 
transferred to glazed earthenware pots and sown with seeds of winter wheat (10 
seeds pot''). After seedlings emerged, the pots were thinned to five seedlings pot"\ 
There were three replicates of each treatment. The pots were randomly arranged in 
a glass house and rearranged several times during the growth period. The growth 
temperature was 22 ± 3°C on average during 14/10 hour day/light. During the 
growth period the plants were watered with deionized water every three days and 
treated with above surfactants doses every 15 days till 75 days. The plants were 
harvested after 90 days and shoots were cut at the shoot-root junction. The roots 
were carefully washed from the pots with tap water and a 5-mm sieve to collect root 
samples as much as possible. Both shoots and roots were washed with distilled 
water and dried in an oven at 70 ± 1°C for 48 hour. The dry biomass of shoots and 
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roots were weighed and ashes at 180°C for 4 hr and finely powdered in a stainless 
steel grinder. 
Analytical Methods 
One g of powdered plant material (shoots and roots) was digested in 10 mL of acid 
mixture containing cone. HNO3 and HCIO4 (4:1, v/v). The digested mixture was 
treated on a hot plate till brown fumes ceased and converted to a syrupy liquid along 
with some white fumes. The samples of the syrupy liquid were dissolved in 5 mL of 
cone. HCI and diluted with distilled water. To obtain the clear solutions, they were 
filtered and then adjusted to a volume of 25 mL in each case. The resulting solutions 
were analyzed for Na, K and Ca, Cu, Zn, Mn and Fe. The Na, K, and Ca were estimated 
by "systronic" flame photometer. The concentrations of Cu, Zn and Mn were 
estimated by double beam atomic absorption spectrophotometer (GBC-902) and Fe 
by spectrophotometer. 
Statistical Analysis 
The statistical analysis was carried out with SPSS version 10 for all parameters 
studied, in the figs, bars represents standard errors of replicates, and the LSD at 
(P<0.05) were calculated. 
4.3 RESULTS AND DISCUSSION 
4.3.1 Results 
Growth of Wheat Plants 
The results showing the effects of CTAB and SDS treatments to the soil on dry 
biomass of wheat plants are shown in Fig. 4.1. From Fig. 4.1, it is evident that dry 
weights of shoot and root of wheat plants increased significantly (P<0.05) on the 
increase of CTAB concentration from 0 to 10 mL kg'^ of soil. However, at higher 
doses of CTAB i.e. 10 to 80 mL kg'^ soil a reverse trend i.e. decrease in dry weights of 
shoot and root on the increase in CTAB concentration was noticed (P<0.05). In case 
of SDS there was no effect of surfactant concentration (0 to 10 mL kg'^ soil) on shoot 
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biomass (P>0.05). On further increase in SDS concentration from 10 to 80 mL kg^ 
soil, shoot biomass is decreased significantly (P<0.05). Interestingly root biomass was 
found to decrease on the increase of SDS content in soil {P<0.05). 
Nutrients Concentrations in the Shoots 
Fig. 4.2 represents the concentrations of Na, K, and Ca in the shoots under various 
treatments of CTAB and SDS in the soil. Na and K contents in the shoots showed 
similar trends as CTAB dose in soil is increased. As CTAB concentration in soil 
increased from 0 to 10 mL kg"\ Na and K contents in shoots are increased and on 
further increase of CTAB level form 10 to 80 mL kg'\ the contents of both Na and K 
are decreased {P<0.005). For SDS, Na content in shoots remained unaffected as SDS 
concentration is increased from 0 to 10 mL kg"\ but it is decreased as SDS level is 
further increased from 10 to 80 mL kg'^ soil (P<0.05). Potassium content in the 
shoots increased from 0 to 10 mL kg'\ and decreased as SDS increased from 10 to 80 
mL kg"^  soil (P<0.05). Calcium concentrations in the shoots were not affected by the 
level of surfactant treatment. 
Fig. 4.3 shows the concentrations of Cu, Zn, Mn and Fe in the shoots under 
various CTAB and SDS levels in the soil. Cu concentrations in shoots were unaffected 
by surfactants (CTAB or SDS) treatments (P>0.05). Zn concentrations in shoots were 
less affected by CTAB treatments. In case of SDS, Zn concentrations in shoots 
remained unchanged from 0 to 10 mL SDS kg"^  soil, and decreased as SDS increased 
from 5 to 80 mL kg'^ soil (P<0.05). Mn concentrations in shoots increased at 5 mL 
CTAB kg'^  soil, kept constant at 10 mL CTAB kg'^ soil, and than decreased significantly 
(P<0.05) as CTAB increased from 10 to 80 mL kg'^ soil. In case of SDS, Mn 
concentrations in shoots decreased by SDS treatments (P<0.05). Fe concentrations in 
shoots increased significantly as CTAB increased from 0 to 10 mL kg'\ and then 
decreased as CTAB increased from 10 to 80 mL kg"^  soil (P<0.05). In case of SDS, Fe 
concentrations in shoots remained unaffected as SDS concentration is increased 
form 0 to 10 mL kg'^ but it is decreased as SDS level is further increased from 10 to 
80 mL kg'^ soil (P<G.05). 
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Nutrients Concentrations in the Roots 
Fig. 4.4 shows the contents of Na, K, and Ca in the roots under different 
concentration levels of CTAB and SDS in the soil. Na and K contents in the roots 
showed similar trends. With increasing CTAB and SDS concentrations, concentrations 
of both Na and K are increased as CTAB level is increased from 0 to 10 mL kg"' and 
then decreased as CTAB increased from 10 to 80 mL kg"^  soil {P<0.05). In case of SDS, 
Na and K contents in the roots where not affected as SDS increased 0 to 10 mL kg' 
and decreased as SDS levels further increased from 10 to 80 mL kg"' soil (P<0.05). 
Calcium concentrations in roots decreased significantly (P<0.05) with increasing 
CTAB and SDS concentrations in soil. 
Fig. 4.5 shows concentrations of Cu, Zn, Mn, and Fe in the roots under 
different treatments of CTAB and SDS in the soil. Copper concentrations in roots 
remained constant with CTAB amendments from 0 to 5 mL kg"' soil, and then 
decreased as CTAB increased from 5 to 80 mL kg"^  soil (P<0.05). in case of SDS, Cu 
concentrations in roots decreased as SDS increased (P<0.05). Zinc concentrations in 
roots increased significantly {P<0.05) as CTAB increased from 0 to 20 mL kg"', then 
remained constant as CTAB increased from 20 to 80 mL kg"' soil, in case of SDS, Zn 
concentrations in root decreased as SDS increased, these changes were not 
statistically significant. Iron concentrations in roots increased sharply at 5 mL CTAB 
kg"^  soil, then increased slightly as CTAB increased from 5 to 10 mL kg'^ soil, and 
decreased as CTAB increased from 10 to 80 mL kg"^  soil (P<0.05). In case of SDS, Fe 
concentrations in roots were less affected as SDS increased from 0 to 10 mL kg"', and 
decreased as SDS increased from 10 to 80 mL kg"' soil (P<0.05). 
4.3.2 Discussion 
Significant effects of ionic surfactants (CTAB and SDS) are evident in this experiment 
in terms of both plant biomass and nutrients concentration in plant tissues. In the 
present pot experiment, shoots and roots biomass were increased with CTAB 
increased from 0 to 10 mL kg'\ and decreased as CTAB increased from 10 to 80 mL 
kg"^  soil (Fig. 4.1). However, in case of SDS shoots and roots biomass seemed less 
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affected by SDS treatments from 0 to 10 mL k g \ then decreased as SDS increased 
from 10 to 80 mL kg'^  {Fig. 4.1). The beneficial effect of CTAB at lower doses (0 to 10 
mL kg"^ ) may be attributed to the increase in Na, K, Zn, Mn and Fe contents in plant 
tissues. The optimum concentration of the surfactant reduced the interfacial tension 
to the most suitable degree resulting in maximum absorption of nutrients by plants 
leading to the beneficial effect. 
The negative effect of CTAB and SDS at higher doses may be attributed to the 
reduction in microbial activity of Bacillus siliceus and Aspergillus niger, which 
ultimately reduce the solublizing effects. And also may be due to the fixation of 
nutrients into non-exchangeable form. This result is consistent with some previous 
studied [6, 13-17] where surfactant application to soil have shown detrimental 
effects on plant growth, soil microbial activity as well as nutrients mobility in soil. 
These effects depend upon the nature and the concentration of surfactant. For 
example SDS (anionic surfactant) has been found more effective compared to CTAB 
(cationic surfactant). Calcium concentrations in shoots do not change much by 
surfactants treatments (Fig. 4.2). However, calcium concentrations in roots is 
decreased significantly (P<0.05) with increased in the concentration of surfactants 
(Fig. 4.4). It is obvious that Ca uptake is affected by the surfactants, but it is not the 
translocation of Ca within the plants. Calcium is largely bound to the cell wall and to 
the exterior surface of the plasma membrane. It provides intermolecular linkages 
and is thought to play a crucial role in cell wall and membrane stabilization. Wang 
et al. [20] suggested that a strong interaction between Ca and cell wall constituents 
may be important in providing sufficient Ca to the plasma membrane to maintain its 
integrity. A decrease of Ca concentration in roots under CTAB or SDS treatments may 
be a symptom of a damaged intercellular defense system. The results (Fig. 4.2 - 4.5) 
also shows that nutrients concentrations in the shoot were less affected than those 
in the root, just as the shoot growth was less affected by CTAB or SDS than the root 
growth (Fig. 4.1) 
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Table 4.1 Physico-chemical properties of soil 
Parameters Values 
pH (1:5, soils : water) 8.56 
EC(1:5, soils : water) (dSm"^) 0.86 
Organic matter (%) 0.49 
Cation exchange capacity (meq . 100 g"^ soil) 16.2 
Exchangeable cations (meq . 100 g"^  soil) 
Na' 1.1 
K' 0.5 
Ca'^ 3.7 
Mg^" 1.2 
Available metals (mg kg )^ 
Cu 1.59 
Zn 0.37 
Mn 11.9 
Fe 10.5 
104 
chapter 4 
o 
n. 
•B 
§ 
17 
16 
15 ^ 
14 
U 13 
12 
11 
10 
9 
8 
• C T A B ; L S D a t p < 0 . 0 5 = 1 3 1 8 
• S D S ; L S D at p<0.05 = 1 . 1 2 7 
Control 5 10 20 40 80 
0.1% Aqueous surfactant solutions (mL kg'^ soil) 
^'^ 
•^^ 
o 
a. or» 
^^  
r^ 
•5J. 
a 
^ 
o 
o " M 
^ 
Q 
6 
5 
s 
4 
4 
^ 
^ 
•y 
t 
1 
1 
25 
75 
'>5 
75 
->^ 
75 
7 ^ 
75 
25 
75 
25 
•CTAB.LSD atp<0.05 = 0.430 
• SDS, LSD a tp<0 05 =0 .304 
Control 5 10 20 40 
0.1% Aqueous surfactant solutions (mL kg"^  soil) 
SO 
Fig. 4.1 Dry shoot and root weights of wheat (Triticum aestivum) plants grown in 
pot culture subjected to different concentrations (0.1%) of CTAB and SDS. 
Bars represents standard error 
105 
c|;a;rter4 
0.21 
0.19 
0.17 
0.15 
0.13 
0.11 
0.09 
CTAB:LSD at p<0 05=0.01; 
SDS;LSD at p<0.05 =0.012 
^—^ S: 
•c 
p 
o 
o 
'^ 
• ^ 
C 
s Z 
_ . i -
2.0 • 
1.9 -
I S -
1 7 • 
1.6 • 
1.5 • 
1.4 • 
1 3 • 
1 2 -
K 
1 1 — 
—•—CTAB.LSD atp<0,05 =0.169 
—*—SDS.LSD atp<0 05 =0.150 
1 1 1 1 
0.055 
0.050 -
0.045 • 
0.040 • 
0.035 • 
0.030 
• ^ 
•CTAB;LSD atp<0.05 =0.004 
• SDS;LSD at p<0.05 =0 004 
—r-
20 Coutiol -^  10  40 SO 
0.1%Aqueous surfactant solutions (nil kg ' soil) 
Fig. 4.2 Concentration of nutrient In shoot of wheat (Triticum aestlvum) plants 
grown in pot culture subjected to different concentrations (0.1%) of CTAB 
and SDS. Bars represents standard error 
106 
diopter 4 
c 
N 
A i/ \ / 
K 
in 
1 1 1 I I 
ci 8. 
1 C« 
If 
Q « 
*3 Q . 
f t • 
1 1 1 -
« 0 ' » < H O © « « 0 « T C S 
(A 
=f s 
s * 1_«- • Is H 
Q « ^ 
53 Q ^ - ^ '7»-' 
g§ .y\^ \\X^' 
D ^ 
o 
p^ 
V 
1 
s 
Q 
y^  
tS 
<n 1 
-8 
Q 
n 
B 
u. 
I I > I I I 
p o • < ^ o v ^ o ' < ^ o 
o 
oo 
o 
o 
CM 
c 
o O 
1 ^ O " ^ O 
<n « o <~« <>* 
v\ O v \ 
•- « o 
v% vv »ri 
O 
o v% o r4 
o 
00 
o 
o 
i n 
c 
o O 
c 
O 
73 
01 
+-> 
<_) 
o; 
U 
•(-' 
O Q. 
C 
=• o 
o 
in 
DO 
ill 
t i -t-i -t-j 
3 1/1 1/1 
i / i fTJ 
C E 
o .y 
c 
a 
V-
1 0 
: 3 TO ro 
o (U cQ 
3 ^ CO 
< o <^ 
^ 4-. T3 
rH O C 
O O ra 
QJ O 
c ' i 
o '-' 
O o 
0) 0) 
5 8 
{^6^ 6LU) OUOQ lueujnN 
Ofl 
107 
n/vuijv\yf *-f-
•H 0.60 
0.70 
0.65 
0.60 -
0.55 • 
0.50 
0.45 H 
0.40 
0.35 H 
0.30 
-CTAB;LSD atp<0.05 =0.00-1 
•SDS.LSD at p<0.05 =0.004 
Control 5 10 20 40 
0 .1% Aqueous surfactant solutions (ml k a ' soil) 
— I — 
SO 
Fig. 4.4 Concentration of nutrient in root of wheat (Triticum aestivum) plants grown in pot 
culture subjected to different concentrations (0.1%) of CTAB and SDS. Bars 
represents standard error 
108 
chapter 4 
S 
— I — 
o o o o o O o o 
>r\ o 
O 
oo 
o 
o 
in 
c 
o o 
o o 
r l 
O 
v, O 
o 
0\ 
II o; 
V. ^  y / 
1 1 1 1 1 
o 
00 
o 
o 
in 
c 
o o 
o 
'^-i 
o 
r~i 
o 
^ H 
o 
o 
o 
0\ 
o 
CO 
o 
t - -
c 
o 
c 
0) 
u 
c 
o 
u 
4- ' 
c 
L. 
;t 
T3 
O 
+-» 
T: 
Ol 
(J 
OJ 
(/I 
Ol 
^r 3 
00 O 
^ Q. 
(^ .6>( 6iju) ouoQ juaiJinN 
£ 
c 
o 
4-* 
3 
o 
1/1 
+-' 
c 
TO 
u 
fO 
).. 3 
i ^ 
3 
O 
3 
CT 
<r 
i H 
O 
5 
o 
tjO 
l/> 
c 
Q. 
,_^  E 
3 
> 
* j 
i/l 
0) 
ro 
E 
-) 
+-I 
k. 
t -
TO 
01 
j ; ; 
5 
»«-o 
o 
o 
c 
• 
*-> 
c dJ 
u. 
3 
C 
<•-
o 
c 
o 
+-' 
ro 
*-> c (U 
o 
c 
o 
in 
w 
o 
k-
-o 
w 
ro 
T l 
c 
ro 
10 
(0 
• J 
c 
I/) 
QJ 
1— 
Q. 
0) 
cyi 
ro 
CQ 
(•) 
Q 
oo 
"D 
r 
ro 
CQ 
< 1 -
U 
M -
O 
^.^ 
^9 
O ^ 
109 
CfidpterS 
Qroxvtfi and nutrient Vpta^ efficiency of 
Wfieatfrom ^ anionic Surfactant 
amendedSoiC 
chapter^ 
5.1 INTRODUCTION 
The research and development of surface active agents (or surfactants) have 
received much attention during last few decades and their use has grown 
considerably. Surfactants are used on large scale in detergents for domestic 
cleaning and various industrial processes due to their efficiency to clean dirt 
and greasy materials. Due to increasing use of surfactants, the domestic water 
and sewage which are the main sources of irrigation for kitchen garden and 
farmlands around the cities get contaminated. Characteristically, surfactants 
contain a hydrophilic group (polar) and a hydrophobic group (non polar) at 
opposite ends of a single molecule. The hydrophobic group is generally a long 
chain hydrocarbon which may be linear, branched, or aromatic [1]. Currently 
there is growing interest on the behavioral study of surfactants in soil and their 
effects on the growth, development and metabolism of soil micro-organisms 
[2,3], plants [4-9] and aquatic animals [10]. Surfactants are capable to solublize 
non-polar plant substances such as the waxy cuticle of the cell wall that 
facilitates the rapid absorption of the toxic as well as beneficial chemical 
species. The plants growth is influenced as a result of entry of surfactants 
through intercellular spaces. Luxmoore et al. [4] carried out a study to 
understand the effect of soil-surfactant interaction on dry weight and porosity 
of barley roots. They observed that surfactant gets penetrated to the root at 
concentration above 20 ppm and caused flooding of intercellular gas spaces. 
Valoras et al. [5] also examined the nonionic surfactant-soil interaction effects 
on barley growth, and thus found that less than 1% of the surfactant applied to 
soil was taken up and translocated in the barley plants. 
According to literature [4-9], little work has been reported on the effect 
of surfactants in soil on plants growth. In view of this, the present study was 
undertaken to investigate the effects of a non-ionic (Triton X-100) surfactant on the 
growth, uptake and nutrients translocation in tissues of wheat (Triticum aestivum). 
110 
chapters 
5.2 EXPERIMENTAL 
The soil sample (0-3P cm depth) used in the experiment was an illitic fine sandy loam 
collected from the Agricultural farm of Aligarh Muslim University, Aligarh (India). The 
soil was air dried, and ground to pass through a 5-mm nylon mesh sieve. The 
physico-chemical properties of the soil were determined by using analytical methods 
as described in Chapter 2 and the values obtained are recorded in Chapter 4 vide 
Table 4.1. 
For pot experiment, soils were treated with 0.1% aqueous solutions of Triton 
X-100 (non-ionic surfactant) at different concentration levels (0 (control), 5, 10, 20, 
40 and 80 mL kg"^  soil). The basal fertilizers applied (0.45 g kg"^ soil) were N (as urea), 
P2O5 (as CaHP04) and K2O (as K2SO4) in 1:1:1 ratio by weight. These were thoroughly 
mixed with the soil before sowing. The mixture was then adjusted with deionized 
water to 60% of water holding capacity (WHC) and maintained at this moisture 
content for 2 days. The subsamples were mixed thoroughly again and aliquots (1.6 
kg oven dry weight) were transferred to glazed earthenware pots and sown seeds of 
winter wheat (10 seeds pot'^). After seedlings emerged, the pots were thinned to 
five seedlings pot"\ Each treatment was replicated thrice. The pots were placed in a 
randomized block design on a glass house bench. The growth temperature was 22 ± 
3°C on average during 14/10 hr day/light. During the growth period the plants were 
watered with deionized water every three days and treated with above surfactants 
doses every 15 days till 75 days. The plants were harvested after 90 days. 
At harvest, the shoots were cut at the shoot-root junction. The roots were 
carefully washed from the pots with tap water and a 5-mm sieve to collect root 
samples as much as possible. Both shoots and roots were washed with distilled 
water before drying at 70 ± 1°C for 48 hours. Dried plant samples were weighed and 
ashes at 180°C for 4 hr and finely powdered in a stainless steel grinder. About 1 g of 
powdered plant samples was digested in 10 mL of acid mixture containing cone. 
HNO3 and HCIO4 (4:1, v/v). The digested mixture was treated on a hot plate till 
brown fumes ceased and converted to a syrupy liquid along with some white fumes. 
The samples of the syrupy liquid were dissolved in 5 mL of cone. HCI and diluted with 
distilled water. To obtain the clear solutions, they were filtered and then adjusted to 
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a volume of 25 mL in each case. The resulting solutions were analyzed for Na, K and 
Ca, Cu, Zn, Mn and Fe were estimated by "systronic" flame photometer. The 
concentrations of Cu, Zn and Mn were estimated by double beam atomic absorption 
spectrophotometer (GBC-902) and Fe by spectrophotometer. All chemical and 
reagents used in the above experiment were of analytical reagent grade. 
Statistical Analysis 
The statistical analysis was carried out with SPSS version 10 for all parameters 
studied. All data were subjected to LSD test at 5% to determine the statistical 
significance of the effects due to treatments. In the Figures bars represents standard 
errors of replicates. 
5.3 RESULTS AND DISCUSSION 
The data presented in Fig. 5.1- 5.5 provide the information about the effects of 
Triton X-100 on the growth and nutrients concentrations in shoots and roots of 
wheat plant. 
Plant Growth 
An examination of results (Fig. 5.1) shows that the dry weights of shoot and root of 
wheat plants increased significantly (P < 0.05) on the increase of Triton X-100 
concentration in soil from 0 to 10 mL kg" .^ However, at higher concentrations of 
Triton X-100, a decrease in dry weights of shoot and root was noticed. 
Nutrients Concentrations in the Shoots 
Fig. 5.2 shows the concentrations of Na, K, and Ca in the shoots of wheat grown in 
pot-soil treated with different concentrations of 0.1% Triton X-100. Na and K 
contents in the shoots showed similar trends with increasing Triton X-100 
concentration. The magnitude of both Na and K increased as Triton X-100 
concentration in soil increased from 0 to 10 mL kg'^ (P < 0.05), then decreased as 
Triton X-100 concentration is further increased from 10 to 80 mL kg"\ Ca 
concentration in shoots remained unaffected by Triton X-100 treatment of soil. 
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Fig. 5.3 shows the concentrations of Cu, Zn, Mn, and Fe in the shoots of 
wheat grown in pot-soil subjected to different concentrations of 0.1% Triton X-100. 
Cu concentration in the shoots was found to be unaffected by Triton X-100 
treatments {P > 0.05). Zn concentration in shoots seemed to be less affected by 
Triton X-100 treatments. Mn concentrations in the shoots decreased as the 
concentration of Triton X-100 is increased from 0 to 10 mL Kg"^  soil, remained 
constant as Triton X-100 level is increased from 10 to 40 mL Kg"^  soil, and then 
decreased sharply at 80 mL Triton X-100 kg'^ soil (P < 0.05). Fe concentrations in the 
shoots increased significantly as Triton X-100 concentration in soil is increased from 
0 to 10 mL kg'\ then decreased on further increase of Triton X-100 level in soil. 
Nutrients Concentrations in the Roots 
Fig. 5.4 shows the concentration of Na, K and Ca in the roots of wheat grown in pot-
soil treated with different levels of 0.1% Triton X-100. Na and K contents in the roots 
showed similar trends as Triton X-100 treatments increased. Both Na and K contents 
increased as Triton X-100 increased from 0 to 10 mL kg"\ and then decreased as 
Triton X-100 increased from 10 to 80 mL kg"^  soil (P < 0.05). Calcium concentrations 
in roots decreased slightly with the increase in Triton X-100 concentration from 0 to 
80 mLkg"^ soil (P< 0.05). 
Fig. 5.5 shows the concentrations of Cu, Zn, Mn, and Fe in the roots of wheat 
grown in pot- soil treated with various concentrations of 0.1% Triton X-100. Cu 
concentrations in roots were not affected as Triton X-100 increased from 0 to 10 mL 
kg"^  soil. However, level of Cu was decreased significantly as Triton X-100 increased 
from 10 to 80 mL kg'^ soil (P < 0.05). Zn concentration in roots increased slightly as 
Triton X-100 increased from 0 to 10 mL kg"\ and then remained constant as Triton X-
100 concentration in soil increased from 10 to 80 mL kg"^  soil. Mn concentration in 
roots decreased significantly with the increased concentration of Triton X-100 in soil 
(P < 0.05). Fe concentration in the roots increased from 0 to 10 mL kg^ and 
decreased as Triton X-100 increased from 10 to 80 mL kg'^ soil (P < 0.05). 
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The increase in dry weights of plant biomass and nutrient concentrations in 
shoot and root at lower doses (0 to 10 mL kg'^ soil) of Triton X-100 may be attribute 
to the enhancement of soil microbial activity which is responsible for releasing 
plant nutrients from the unavailable form of organic and inorganic soil 
constituents. However, at higher doses, the retardation in dry biomass and 
nutrients concentrations is possibly due to toxic effect of surfactant on soil 
microbial status. This intern reduces the availability of various nutrients to the 
plant. It is well known that, Ca is largely bound to the cell wall and to the 
exterior surface of the plasma membrane. A decrease of Ca concentration in 
roots on increase in the concentration of Triton X-100 in soil is probably due to 
damaged of intercellular defense system [11] 
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6.1 INTRODUCTION 
A great deal of attention has been paid to evaluate the heavy metal 
transport through soil by using a simple and inexpensive tool of soil thin 
layer chromatography in recent years [1-3]. On survey of literature, it is 
revealed that the mobility of heavy metals depend upon several factors such 
as soils pH, SOM (soil organic matter), exchangeable cations, types of clay 
minerals, nature of pesticides, fly ash, organic acids and bases and other 
organic chemicals used in soil environment [4-7] etc. Heavy metal pollution 
is very well recognized and debated in literature [8-10]. Among heavy 
metals, Co and Zn are considered to be utilized as micro nutrients [11] while 
Ni, Pb and Ag are phytotoxic [12, 13] and are not required for growth of 
plants and soil microbes. 
The sodium salts of various anionic species such as NaCi, NaHCOa, 
CHsCOONa, Na2C03, Na2Mo04 and Na2HP04 are found to exist in soil through 
natural and/ or amendment practices. The presence of NaHCOs and Na2C03 is 
responsible for soil alkalinity while NaCI enhances the salinity problems in 
soil. The CHsCOONa is found to exist as a result of microbial activities in 
decomposition of organic matter producing organic acids [ l - j that get 
converted to its sodium salts where as Na2Mo04 and Na2HP04 are 
extensively employed in agricultural Practices for supplementing the 
deficiency of these as micro and major nutrient required for healthy plant 
growth. 
The role of these anionic species such as: CI ", HCO3 ~, CH3COO ~, COs^", 
Mo04^~ and HP04^~ in soil on the translocation of certain heavy metal cations 
such as Co, Ni, Zn, Pb and Ag is still limited in literature. So this work is 
designed to investigate the mobility of heavy metals by using varying 
concentration of these anionic solutions of their Na- Salts as a mobile phase 
through soil by using soil thin layer chromatography with a view to explore 
the reaction mechanisms involved in these processes. 
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6.2 EXPERIMENTAL 
The soil sample (0-30 cm) used In this study was an illitic fine sandy loam collected 
from A.M.U. Agricultural Farm situated in Aligarh district (U.P) India. Some of the 
important soil physico-chemical properties were determined by using analytical 
methods as described in Chapter 2 and values obtained are recorded in chapter 3 
vide Table 3.1. 
Chemical and Reagents 
All chemical and reagents used were of analytical reagent grade. 
Stationary Pliase 
Soil 
Mobile Phase 
Aqueous solution of (0.6 M) of NaCI, NaHCOa, CHaCOONa and (0.2 M) of NazCOa, 
Na2Mo04 and Na2HP04 salts with adjusted ionic strength ([x = 0.6) in 0.6 M NaCI04. 
Heavy Metal Studied 
Cobalt, Nickel, Zinc, Lead and Silver 
Test Solutions 
The test solutions (0.1 M) of all metal nitrates were prepared in double -still water. 
Detector 
0.5% Ethanolic solution of haematoxylene, 0.5% Dithizone in CCU and 1% 
dimethylglyoxime in ethanol. 
Chromatography 
Preparation of soil TLC plates 
Soil TLC plates were prepared by similar procedure as mentioned in Chapter 2. 
Procedure 
An aqueous solution of about 0.006 ml of metal nitrates (0.1 M) of the Co, Ni, Zn, 
Pb, and Ag were spotted on the base line with the help of a micropipette in a 
single application. The plates were wrapped with a wet strip of filter paper at the 
bottom (about 2.5 cm) to prevent disintegration of soil. The plates were then 
developed by ascending chromatography in closed chambers, using distilled 
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water or aqueous solutions of these anions as the developer. Developed plates 
were again air dried at room temperature. The positions of Co, Ag and Pb were 
detected as violet spot and Zn brick red coloured spot on spraying an alcoholic 
solution of 0.5% (w/v) haemotoxylin where as the Ni was detected as redish pink 
spot by spraying alcoholic solution of dimethyl glyoxime. 
The frontal Rp value (mobility) was calculated by using the relat ion:-
RF = 0 . 5 { R L + R T ) 
Where, 
RL = Leading distance moved by metal ion. 
RT = Trailing distance moved by metal ion. 
6.3 RESULTS AND DISCUSSION 
The effect of various anions on the mobility of heavy metals are given in Fig. 6.1. The 
results indicate that the mobility follow the order Co > Ni > Zn > Pb > Ag in case of 
control where distilled water was used as a mobile phase. The high mobility of Co 
and Ni seemed to be governed by their high complexing nature with soil humic and 
fulvic acids fractions that is expected to remain soluble in alkaline medium of soil 
solution, pH > 8.5. However, the lowest mobility of Pb and Ag may be regarded due 
to its lower ion size Parameters (Table 6.1) capable of providing greater affinity with 
the adsorptive sites of soil colloids. The role of sodium salts of various anions such 
as c r , HCO3" CH3COO", COs "^, Mo04^"and HPOA^" on the mobility of metals could be 
understood by considering the following reaction:-
ES-M + NaX •ES-Na + MX 
E S ^ 
M + 2 NaX ^2 ES-Na + MXj 
ES-^^^ 
2 ES-M + Na2Y ^2 ES-Na + M2Y 
.M + Na2Y ^2 ES-Na + MY 
ES""^ 
chapter 6 
Where ES = Exchangeable sites on soil colloids; M = Metal cations; X 
(monovalent anions) = CI", HCOa" and CH3COO"; Y (Bivalent anions) = COa^", 
Mo04^" and HPOA^". These metals salts MX, M2Y, MY and MX2 so formed are 
capable to form the soluble complexes with soil organic matter and its fractions 
move as such through soil. 
It is clear that mobility of heavy metals increases with the increasing 
concentrations of CI", HCO3", CH3COO" and COs^' through out the entire 
range of study when used as a mobile phase. However, in cases of M0O4 ~ 
and HP04^", the mobility is found to increase at their initial lower 
concentrations upto a certain limit, thereafter it declines. The mobility is 
found to remain for these anionic systems in the order: Co > Ni> Zn> Pb> Ag 
but HP04^" follow the mobility order: Co> Ni> Pb> Zn> Ag. The high mobility 
of Zn than Pb appears to be governed in sequenc of solubility of its anionic 
salts (Table 6.1). The increase in mobility with increasing CI" concentration is 
due to formation of chloro salts or complexes [15] which move in the order 
of their solubility (Table 6.1) except Co and Ni that move in the order of the 
stability of their SOM complexes. The increase in mobility with the rise in 
HCO3"' CH3COO" and COs^" concentration may be attributed due to the 
dispersion of SOM sodium salts of these anions at pH values > 8.8 which 
enhances the formation of soluble metal-SOM complexes and results in their 
high mobility through soil. The increase in the mobility at lower 
concentration of Mo04^~ and HP04^" due to their adsorption at highly 
reactive sites of the soil surface without much increase in the new -ve 
charge sites. However at higher concentrations, the adsorptions occurs at 
non-specific sites created by displacement of the structural OH" groups [16] 
causing in an abrupt increase in the-ve charge sites. Thus at higher 
concentrations of these anions, the mobility of heavy metals tend to 
decrease on the newly created -ve charge sites by the adsorption of these 
anions. 
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Fig. 6.1 The effect of anions on the mobility of heavy metals through Aligarh soil 
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MoBiRty of Some Heavy Metals as Affected 
6y Sodium SaCts of Various Anions 6y SoiC 
Thin Layer Cfiromatograpfiy 
7.1 INTRODUCTION 
Because of several favorable aspects such as capability of analyzing of 
several samples simultaneously, direct observation of colorful reactions, 
ease of operation, reasonable resolution power, rapidity, cost effectiveness 
have resulted in continuing popularity of thin layer chromatography (TLC) as 
an analytical technique. After the publications of Seller [1 , 2], TLC of heavy 
metal cations became the focus of several studies and a rapidly increasing 
number of publications dealing with the separation of inorganics [3, 7] 
appeared in the literature. The stationary phases currently in use in 
inorganic TLC includes pure hydrous solids [8, 9], hydrous solids impregnated 
with organic substances [10, 11], inorganic ion exchangers and cellulose 
derivatives [12, 13], mixed adsorbents containing a mixture of two 
conventional adsorbents with or without binders or inorganic salt [14-16] 
and certain natural adsorbents [17, 18]. 
A new concept of qualitative analysis by soil TLC was introduced by 
Helling and Turner in 1968 [19]. Their method involved the use of TLC plates 
covered with soil layer to study the mobility of certain agricultural chemicals. 
This technique was later on used by several workers to examine the mobility 
of heavy metals [18, 20-22], amino acids [23, 24] and pesticides [25-28] 
through soil bed using different types of solvents in mobile phase. The 
mobility or leachability of heavy metals in the soil bed has significant 
influence on the life process of plants. Metal pollutants have the tendency of 
getting adsorbed on the surfaces of soil minerals and find their way to 
plants. Thus, the leachability / translocation of metals like chromium, 
cadmium, copper, lead, zinc, nickel, silver, cobalt and molybdenum have 
tremendous effect on the availability of plant nutrients and possibility of 
ground water contamination through soil bed [29]. 
Amino acids play a vital role in the adsorption and translocation of 
metal ions present in soil. They are adsorbed by soil minerals (sand, clay, 
sediments and hematite etc.) and form soluble complexes with metal ions 
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present in soil [30-34]. The adsorption of amino acids on minerals has been 
reported by several investigators [30, 31-35] and found that soil minerals 
adsorb amino acids with charged R groups much more than with uncharged R 
groups. Thus the role of amino acids on the migration of heavy metals 
through soil is essential to know their significance affect on the life process 
of plants and human beings. 
Literature survey revealed that no work has been reported on the use 
of amino acids as eluent to examine the translocation of heavy metals 
through soil bed by thin layer chromatography. As the migration of heavy 
metals in soil significantly influence the life process of plants, the present 
study was undertaken to investigate the effect of amino acids on the 
mobility of heavy metals through soil static phase. 
7.2 EXPERIMENTAL 
Soil 
The soil used was an illitic fine sandy loam top soil collected (0-30 cm depth) 
from botanical garden A.M.U. fort, Aligarh, U.P., India. It was air dried and 
grounded to pass a 100 mesh (BSS) sieve. The physical and chemical 
properties of the total soil such as mechanical composition, pH, electrical 
conductivity, water soluble salts, organic matter, cation exchange capacity 
and exchangeable cations were determined. The results are listed in Table 7.1. 
Soil Thin Layer Chromatography 
Apparatus 
A TLC applicator (Toshiniwal, India), glass plates (20 x 3.5 cm^), glass jars (24 x 6 
cm^) with lid, glass capillary tubes, dropper and mechanical shaker were used. 
Chemicals and Reagents 
All amino acids were from CDH (India) except methionine which was 
purchased from Loba Chemie (India) (Table 7.2) Nitrates of (chromium, 
cobalt, nickel, silver, zinc, cadmium and lead), copper sulphate, potassium 
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dichromate, sodium molybdate, dithizone, haemotoxylin, dimethyl glyoxime, 
carbon tetrachloride and ethanol were from CDH (India). All other chemicals 
and reagents used were of analytical reagent grade. 
Stationary Phase 
lllitic fine sandy loam top soil collected from A.M.U., fort, Aligarh, India. 
Mobile Phase 
The following solvents were used as mobile phase*: 
Symbol Composition 
Ml 
Acidic amino acids 
Mz 
M3 
Basic amino acids 
M4 
Ms 
Neutral amino acids 
Me 
M7 
Ms 
Mg 
Mio 
Mn 
Distilled water 
Asparatic acid 
Glutamic acid 
Histidine 
Arginine 
Alanine 
Serine 
Proline 
Valine 
Isoleucine 
Methionine 
All solutions (0.5-5%) of amino acids were prepared in double distilled water. 
Test Solutions 
Standard aqueous solution of metal ions (O.IM) of Cr^^ Cr(VI), Mo(VI), Co^^ Ni^^ 
Cu^*, Ag*, Zn^*, Cd^*, and Pb^* were prepared in double distilled water (DDW). 
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Detectors 
0.5% dithizone in CCU was used for the detection of Zn^\ Cd^^ Ag^ Pb^\ 1% 
dimethylglyoxime in ethanol was used for the detection of Ni^* and 0.5% 
haemotoxylin in ethanol was used for the detection of Cr^*, Cr(VI), Cu *, 
Mo(VI), Co^^ 
Preparation of Soil Thin Layer Plates 
For the preparation of soil TLC plates similar procedure was followed as described in 
chapter 2. 
Procedure 
Aliquot 2 nL of heavy metal solutions (0.1 M) were spotted on the base line of soil 
TLC plates with the help of marked capillary tube. After drying the spots, the plates 
were then developed in TLC glass jars containing DDW or aqueous amino acid 
solutions (as developer) by ascending chromatographic technique. To prevent 
disintegration of soil in contact with developer, wetted strips of filter paper (about 
2.5 cm wide) were wrapped around the bottom of plates before the development. 
After development, the plates were removed from the jars, dried at room 
temperature and detected. Zn^*, Cd^*, Ag*, Pb *^ were detected as dark pink spot with 
dithizone, Ni^* as pink spot with dimethylglyoxime and Cr^ *, Cr(VI), Cu^*, Mo(VI), Co^ ^ 
as bluish spot with haemotoxylin. 
The mobility of heavy metal in term of Rp value was calculated by the following 
formula: 
RF = 0.5 (RL + RT) 
Where RL = Leading distance traveled by heavy metals. 
RT = Trailing distance traveled by heavy metals. 
7.3 RESULTS AND DISCUSSION 
The results have been summarized in Tables 7.3 - 7.7 and Figs. 7.1 - 7.4. The RF 
values presented are the arithmetic mean of three determinations. The mobility (or 
RF value) given in Table 7.3 indicate that most of the metal ions except Cr(VI) and 
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Mo(VI) showed very little mobility and remained near the Ipoint of application (RF < 
0.07). Cr^ *, Cu^* and Pb^" showed stronger interaction with the stationary phase 
giving the Rp value < 0.02 on soil layer. The results have been explained on the basis 
of charge, ionic radius, nature and behavior of metal ions. Compared to other metal 
ions, Cr(VI) and Mo(VI) showed higher mobility, because of their existence in the 
form of anions (e.g., HCrO^or CrOA '^and HM0O4" or MOOA^") in soil [36, 37]. Thus, 
they are repelled by the soil. However, these ionic species may react weakly with 
positively charged sites of the soil due to the presence of aluminium and iron oxides. 
Mo(VI) showed stronger interaction with Al and Fe oxides and hence its mobility 
through soil is lower than that of Cr{VI). 
The following mechanism of reaction in soils may be expected as follows: 
S-OH + Me"* + H2O <^ S-O-MeOHz"* + H* 
S-O-MeOHz"* + Me"*+ 2H2O <^ S-0-MeOH2"*+ Me(0H)2 (s) + 2H* 
=S-OH + Me"* <-> =S-OMe"* + H* 
Inner sphere complex 
Where =S-OH represents a surface functional group 
=S-OH + Me (0H2)n* <^ sS-O-IHjO) Me"* + (n -1) H2O + H* 
Outer sphere complex 
n sS-OH + Me"* <^ (=S-0)n Me + n H* 
=S-OH + HMe04" (or Me04^") o ^S-OMeOsH" (or OMeOs^") + OH" 
2 sS-OH + Me04^"(or 2HMe04) <^ {sS-)2Me04(or 2HMe04) + 20H' 
7.3.1 Effect of Amino Acids 
In order to study the effect of amino acids on the mobility (Rp value) of heavy metal 
ions through soil static planar layers, aqueous solutions of several amino acids of 
different nature (acidic, neutral and basic) were used as mobile phase. These amino 
acids react with metal ions onto the surface of the soil to form "metal like" ternary 
(surface-metal-amino acid) coordination complexes [38, 39] as follows: 
S-OH + Me"* + HmL o S - OMe - L '"~'^ " '^ + (m+1) H* 
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Where S-OH represents a hydroxyl group on the oxide surface of soil, L represents 
amino acid ligand. 
Amino acids may also form a bridge between the surface and the metal called 
"ligand like" ternary complex (surface- ligand-metal). The mechanism of reaction 
may be written as 
S-OH + Me"* + HrnL <-> S-L-Me*"'"''^' + HOH + (m+1) H* 
The formation of ternary complexes may enhance or reduce the mobility of heavy 
metals through soils depending on the nature and behavior of amino acids (i.e. 
complexing agents) involved. 
Effect of Acidic Amino Acids 
The effect of acidic amino acids such as asp (Mj) and glu (M3) on the mobility of 
heavy metal ions was examined using different concentrations (0.5, 1.0, 2.0 and 
5.0%) of amino acids as eluent. The results are summarized in Table 7.4. From the 
data presented in Table 7.4, following trends are noticeable: 
• Detection of all metal ions was not sharp on soil layers developed with M2 
and M3. 
• Cr^\ Ag"^  and Pb^* are strongly retained on soil layer at all concentration levels 
of M2 and M3. It appears that these metal ions are strongly bounded with 
negatively charged soil surface. 
• Mobility of Cr(VI) and Mo(Vl) increases slightly with increase the 
concentration of asp and glu upto 2% in the mobile phase. However, a slight 
decrease in Rp value was observed at higher concentration (5%) of both asp 
(M2) and glu (M3). 
• The mobilities of Co *^ and Cu^* were found to increase with the increase in 
the concentration of both asp (M2) and glu (M3). 
Effect of Basic Amino Acids 
To examine the effect of concentration levels of basic amino acids on the mobility of 
heavy metal ions, chromatography was performed on soil layers using different 
concentrations of his (M4) and arg (Ms) in mobile phase. The R? values of heavy 
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metal ions obtained witli these mobile phase have been presented in Table 7.5. 
From the data of Table 7.5, following conclusions are drawn: 
• At all concentration levels of his (M4), Cr^^ Ag* and Pb^ "^  remained at the 
point of application (RF < 0.05). 
• RF values of Cr(VI) and Mo(VI) fluctuate between 0.73-0.87 and 0.80-0.87 
respectively. 
• Mobilities of Co^*, Ni^*, Zn^* and Cd^* were slightly influenced by the 
concentrations of his {M4). Cu^* shows high mobility (RF = 0.71) in 5% 
histidine. 
• In general, heavy metal ions except Cr(\/I) and Mo(\/l) showed very little 
mobility (RF < 0.07) and remained near the point of application in mobile 
phase arg (M5). 
On the basis of above points, it is clear that the little effect of his (M4) on the RF value 
of metal ions is probably due to the basic nature of both his (PI = 7.59) and soil (pH = 
8.6). With 5% histidine, Cu^* (RF = 0.71), Cr(VI) (RF = 0.82) and Mo(VI) (RF = 0.80) can 
be easily separated from other metal cations which remained near the point of 
application. 
In order to demonstrate the effect of acidic and basic nature of amino acids 
on the mobility of metal ions through soil planar phase, ARF values (RF of metal ion 
with acidic amino acid eluent minus RF of metal ion with basic amino acid eluent) 
were calculated and plotted in Figs. 7.1 - 7.4. The +ve values of ARF showed the high 
mobility (or high RF value) of metal ions with acidic amino acids (asp and glu). This 
may be due to the presence of (-COOH) in R group of asp and glu, which is capable 
of enhancing -I effect and play a predominant role in binding of certain metal ions to 
form soluble complexes on soil surface. 
Effect of Neutral Amino Acids 
The influence of the concentration of the neutral amino acids on the mobility of 
heavy metal ions was examined by performing chromatography on soil layers using 
different concentrations (0.5,1.0, 2.0 and 5.0%) of a/a, ser, pro, val, ite and met (Mg 
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- Mil) in mobile phase system. The results obtained are listed in Table 7.6, from 
which the following trend may be noted: 
• Cr^ * and Pb^* are bound most strongly on soil surface, showing no mobility 
{maximum RF = 0.04) irrespective of concentration level of amino acids in the 
mobile phases (Me-Mu). 
• In mobile phase Me, the RF value of Ag* was found to increase up to 2% 
concentration of ala and later on the mobility drops giving RF value 0.02 at 5% 
concentration of ala. With 0.5% set (M7) and 1-2% val (Mg), Ag* produced 
tailed spots. However, it remained near the point of application (RF range 
0.02 to 0.08) at all concentrations of neutral amino acids in the mobile phases 
( M y - M i i ) . 
• A slight lower mobility of Cr(VI) and Mo(VI) was observed at higher 
concentration (5%) of amino acids in mobile phases My, Mg-Mn compared to 
their mobilities at 0.5-2% of amino acids. 
• In contrast to other amino acids, the mobility of Mo(VI) becomes very low in 
proline irrespective of its all concentration level. 
• With the increase in concentration of amino acids in mobile phases (Me-Mio), 
the mobilities of Ni^* and Cu^* were found to increase. 
In mobile phase Mn, the mobility of Ni^* increases with the increase in 
concentration of methionine in mobile phase, where as Cu^\ Pb^* and Cr^ "^  
remain near the point of application. Zn^* and Cd^* produce tailed spots. 
7.3.2 Separation 
From separation point of view of heavy metal cations, aqueous mobile phase 
systems consisting of neutral amino acids may be preferred over acidic or basic 
amino acids. In fact, differential migration of heavy metal cations through soil layers 
with clearer detection was noticed when aqueous solutions of neutral amino acids 
were used as mobile phase. As a result, numerous separations of heavy metals from 
their three- component mixtures (1:1:1 ratio) were achieved only with neutral amino 
acid eluents (Table 7.7). 
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Table 7.1 Selected soil chemical characteristics 
Characteristics Value 
Soil type lllitic fine sandy loam 
pH (l:5,soils : water) 8.66 
EC (dsm" )^ (1:5, soils: water) 0.75 
Water soluble salts (%) 0.25 
Mechanical composition (%) 
Sand 61.10 
Silt 25.10 
Clay 13.80 
Organic matter {%) 0.48 
Cation exchange capacity (meq 100 g~^  soil) 16.2 
Exchangeable cation (meq 100 g~^  soil) 
Na* 1.10 
K^  0.37 
Mg^* 0.55 
Ca^' 5.50 
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Table 7.3 RF value of heavy metal ions on soil static planar layer 
developed with mobile phase (Mi) and their ionic radii 
Heavy metal ions Rp value Ionic radii (A°) 
Cr{VI) 
Mo(VI) 
Co^^  
Ni^^ 
Cu^^ 
Ar 
Zn^^ 
Cd'* 
Pb'^ 
0.02 
0.80 
0.76 
0.07 
0.06 
0.01 
0.03 
0.02 
0.03 
0.02 
0.69 
-
0.62 
0.74 
0.72 
0.72 
1.26 
0.74 
0.97 
1.33 
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chapter 8 
Influence ofSingk andMuCtipCe SoU Contamination 
of Cadmium with Lead and Zinc on Qrowth, 
CAloropliy IT Contents, ZJpta^ and Translocation of 
Cadmium in Tomato (Plant 
CJ>flpter8 
8.1 INTRODUCTION 
Cadmium (Cd) is potentially toxic to both plants and animals and has no essential 
biological function in the aquatic and agro-ecosystem. The presence of excessive 
amount of Cd in soil causes reduction in plant growth, disturbances in mineral 
nutrition and may reduce biomass [1-4]. Pyrometalurgic smelting of Zn, Pb and Cu 
ores is the main source of Cd contamination [5]. Recently it was felt that uptake and 
distribution of Cd in plant tissues may be transferred to human food chain [6]. Thus, 
maximum permissible Cd concentration (MFC) in foods and its limit are proposed [7, 
8]. In humans, Cd accumulates mainly in the kidney and leads to pulmonary 
emphysema and renal tubular damage [9]. In short, Cd contamination in soils and 
foods has become a potential agricultural and environmental issue worldwide [10]. 
Tomato (Lycopersicum esculentum) is considered as one of the most essential 
vegetable crops for human nutrition in India. The uptake rate of Cd depends on the 
pH value of the soil solution, the organic matter content in the soil, and the 
concentration of other ions. Several studies have been performed to investigate 
plants that uptake different metals separately or in combination [11-13]. Georgieva 
et ai, [14] demonstrated that Cd^^ In^* and Pb^ "^  interact competitively for uptake in 
higher plants. Zn * and Pb^* in some cases have been found responsible for elevation 
of Cd content in plants [15, 16]. The combined toxic effect of Cd^*, Zn^ "^  and Pb^ "^  is 
more pronounced compared to their single treatments as reported by Georgieva ef 
ai, 1997 [14]. 
The aim of the present work is therefore to investigate the influence of 
interactions among Cd *, Zn "^" and Pb *^ ions on the growth parameters, uptake and 
translocation of Cd in tomato plants under conditions of single and multiple 
contamination. 
8.2 EXPERIMENTAL 
The Soil 
The soil used in this study was an illitic fine sandy loam collected from botanical 
garden A.M.U. fort, Adgarh (fndia). The surface soil (0-30 cm depth) was air dried and 
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ground to pass through a 5 mm nylon sieve. The physico-chemical properties of the 
soil were determined as described in chapter 2. The results are presented in 
Table 8.1. 
Glass House Experiment 
A glass house experiment was conducted in glazed earthenware pots. Treatments 
consisted of 4 levels of Cd, Pb and Zn (5, 15, 25 and 50 mg Cd kg'^ soil; 125, 250, 500 
and 1000 mg Pb and Zn kg'^ soil) applied as their nitrate solutions. To prevent the 
effect of nitrate, its concentration in soil was adjusted to a constant value with its 
sodium salt in each case. All the treatments were replicated thrice and received a 
basal dressing of NPK (1:1:1) at 0.45 g N (as urea), 0.45 g P2O5 (as CaHPO*) and 0.45 g 
K2O (as K2SO4) kg'^ soil. Fertilizers and treatment solutions were manually mixed in 
the soil, put Into glazed earthenware pots (1.6 kg pot'^) and saturated with distilled 
water. The soil in pots was allowed to equilibrate in the glass house for three days. 
Three pregerminated seedlings of tomato (Lycopersicum esculentum) were planted 
in each pot. The plants were watered with deionized water every two days and were 
thinned to one pot"^ after about a week. The growth temperature was 25 ± 1°C on 
average during 14/10 hr day/night. The plants were harvested after 68 days. 
Analytical Methods 
After harvest, plants were cut at the shoot-root junction. The roots were carefully 
washed from the pot with tap water and a 5 mm sieve to collect root samples as 
much as possible. Both shoots and roots were washed with distilled water and dried 
in an oven at 70 ± 1°C for 48 hr. The dry biomass of shoots and roots were weighed 
and ashes at 180°C for 4 hr. The fruits were separated from the shoots and finely 
powdered in a stainless steel grinder. About 0.5 g of powdered plant material 
(shoots, roots, leaves and fruits) was digested in 10 mL of acid mixture containing 
cone HNO3 and HCIO4 (4:1, v/v). The digested mixture was treated on a hot plate till 
brown fumes ceased and converted to a syrupy liquid with some white fumes. The 
samples of the syrupy liquid were dissolved in 5 mL of cone HCI and diluted with 
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distilled water. To obtain the clear solutions, they were filtered and then adjusted to 
a volume of 25 mL in each case. The concentration of Cd was analyzed by double 
beam atomic absorption spectrophotometer (GBC-902). 
The chlorophyll content of leaves was determined by the method described 
by Hiscox and Israelstam (1979). All chemicals and reagents used in the above 
experiment were of analytical reagent grade (BDH). 
8.3 RESULTS AND DISCUSSION 
From the data presented in Figs. 8.1 and 8.2, the effect of single and multiple 
contamination of Cd with Pb and Zn on growth and chlorophyll content of tomato 
plant is obvious that a single contamination they respond similarly to increasing Cd 
soil contamination - reduce plant biomass, and chlorophyll content parallel to the 
increase of the Cd soil concentration. 
Under low level of contamination (CdsPbnsZnns), growth parameters (shoot 
weight, root weight and chlorophyll content in leaves) of tomato are slightly reduced 
under condition of single contamination. Double or triple combined treatment 
causes statistically significant increase of accumulated plant biomass (shoot and 
root) and chlorophyll content as compared to single contamination (Cds). The effects 
of Cd Zn and Cd Pb Zn do not differ much from Cd. There is a tendency of growth and 
chlorophyll inhibition on Cdi5Pb25oZn25o levels. The triple contamination alleviates 
unfavorable effect of Cd Pb and Cd Zn. At higher contamination levels (Cd25, so, Pbsoo, 
1000 and Znsoo, looo)/ the Cd Zn combination causes a decrease in dry biomass of plant 
(shoot and root), and chlorophyll content more effectively than Cd Pb and Cd. At 
triple combinations, the influence of Zn^* predominates to make Pb^ "^  less effective 
on plant biomass and chlorophyll content. 
The interaction of Cd^* with Pb^* or Zn^ "^  in plant is based on the substitution 
of Cd * with Pb * or Zn^* and the decrease of Cd^* below its phytotoxic concentration 
is tissues [17-19]. Single and combined Cd, Pb and Zn contaminations affect Cd 
content more significantly than growth parameters of tomato plant. Table 8.2 shows 
the contents of Cd in shoots, roots, leaves and fruits of tomato plant under different 
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concentration levels of single and combined soil contamination with Cd, Pb and Zn. 
Tomato roots at level Cds accumulate much Cd-40.0 mg kg'^ as compared to shoots 
and leaves. At the level CdsPb^sZnns in double treatments Pb^^  and Zn^ "^  interact 
antagonistically to Cd^* and decrease its content. Zn^* ions are more effective 
antagonistic of Cd^* than Pb^*. The type of interaction at the level Cdi5Pb25oZn25o 
between Cd^* and Pb^* changes and Cd content in roots increases compared to Cdis. 
At the double treatments the relation does not change, Zn^* ions act as antagonists 
again and Cd content decreases. Cd content of triple contamination is intermediate. 
At the highest contamination level (Cd25,50 Pbsoo, 1000 Znsoo, 1000)/ the relations among 
Cd^*, Zn^* and Pb^* in double or triple contamination are antagonistic and Cd content 
is reduced. Cd content in shoot and leaves showed almost similar trend as in the 
case of roots. Table 8.3 lists the ratios of S/R and L/R of tomato plant. It is clear that 
the translocation of Cd from root to leaves is higher as compared to shoot. 
The results from this study demonstrated that although increase in Pb and Zn 
application significantly reduced Cd concentrations in plant tissues, the reduction in 
Cd concentration did not actually improve plant growth (no biomass gain) as 
compared to control. This could be due to the fact that Pb and Zn application at 125 
mg kg"^  started to have phytotoxicity to tomato plants. This observation is in 
consistent with previous studies [14,18], which showed that Pb and Zn at higher 
levels reduced Cd uptake by plants. 
It is concluded that the susceptibility to soil Cd concentration depends on the 
level of contamination and plant tissue ability to tolerate Cd. Double combination Cd 
Zn is more phytotoxic than Cd Pb. The type of interaction among Cd2+, Pb2+ and 
Zn2+ depends on their magnitude in contamination. The Cd uptake in plant tissues 
follows the order: root > leaves > shoot. It is assumed that phytotoxicity of Cd 
depends more on free Cd2+ ions than on the total Cd content of plant tissues. 
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Table 8.1 Physico-chemical properties of soil 
Parameters Values 
Mechanical composition (%) 
Sand 62 
Silt 25 
Clay 13 
pH (1:5, soils : water) 8.4 
EC (1:5, soils : water) (dSm'^) 0.80 
Organic matter {%) 0.52 
Cation exchange capacity (meq . 100 g'^ soil) 16.8 
Exchangeable cations (meq . 100 g"^  soil) 
Na* 1.15 
K' 0.51 
Ca^^ 3.5 
Mg'* 1.3 
Available metals (mg l<g"^soil) 
Cd ND 
Pb 0.25 
Zn 0.37 
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Table 8.2 Influence of the level of single and combined soil contamination with Cd, 
Pb and Zn on Cd content in tissues of tomato plant 
Treatments 
(mg kg'^  soil) 
Control 
Cds 
Cds+Pbizs 
Cd5+Zni25 
Cd5+Pbi25+Zni25 
Cdis 
Cdi5+Pb2so 
Cdi5+Zn2so 
Cdi5+Pb250+Zn250 
Cd25 
Cdzs+Pbsoo 
Cd25+Znsoo 
Cd25+Pb5oo+Znsoo 
Cdso 
Cdso+Pbiooo 
Cdso+Zniooo 
Cdso+Pbiooo+Zniooo 
Roots 
(mg kg'^ soil) 
ND 
40.0±0.82 
38.2±0.78 
26.8±0.55 
35.2±0.72 
60.0±1.22 
64.511.32 
43.010.88 
63.011.29 
82.511.68 
85.511.75 
66.011.35 
62.011.27 
90.0+1.84 
60.011.22 
52.011.06 
48.010.98 
Shoots 
(mg kg'^ soil) 
ND 
13.010.27 
13.010.27 
10.010.20 
11.010.22 
16.710.34 
18.810.38 
14.310.29 
17.410.36 
20.010.41 
22.010.45 
19.210.39 
17.010.35 
30.010.61 
20.010.41 
11.310.23 
10.010.20 
Leaves 
ND 
20.010.41 
19.010.39 
15.010.31 
17.610.36 
26.010.53 
26.010.53 
20.010.41 
22.010.45 
30.010.61 
33.510.68 
30.010.61 
28.010.57 
40.010.82 
30.010.61 
22.010.45 
20.010.41 
Fruits 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND: not determined; 1 : standard deviation 
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Table 8.3 Ratio of concentrations of Cd in leaves, shoot and root of tomato plant 
subjected to different levels of single and combined soil contamination 
with Cd, Pb and Zn 
Treatments S/R L/R 
(mg kg"^ soil) 
Control ND ND 
Cds 0.32 0.50 
Cds+Pbi25 0.34 0.50 
Cds+Znias 0.35 0.52 
Cd5+Pbi25+Zni25 0.31 0.50 
Cdis 0.28 0.43 
Cdi5+Pb25o 0.29 0.40 
Cdi5+Zn25o 0.33 0.47 
Cdis+Pb25o+Zn25o 0.27 0.35 
Cd25 0.24 0.36 
Cd25+Pb5oo 0.26 0.39 
Cd2s+Znsoo 0.29 0.45 
Cd2s+Pb5oo+Zn5oo 0.27 0.45 
Cdso 0.33 0.44 
Cdso+Pbiooo 0.33 0.50 
Cdso+Zniooo 0.22 0.42 
Cdso+Pbiooo+Zniooo 0.21 0.41 
ND = not determined 
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Fig. 8.1 Influence of the level of single and combined contamination of soil with Cd, 
Pb and Zn on Cd on the dry weights of shoot and root of tomato plant 
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Fig. 8.2 Influence of the level of single and combined contamination of soil with Cd, 
Pb and Zn on Cd on the chlorophyll contents in leaves of tomato plant 
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MOBILITY OF SOME HEAVY METALS AS AFFECTED BY SODIUM 
SALTS OF VARIOUS ANIONS THROUGH ALIGARH SOILS 
MEASURED BY SOIL THIN LAYER CHROMATOGRAPHY 
SAMIULLAH KHAN AND SEEMA 
Department of Applied Chemistry, Z.H. College of Engineering and Technology, AM.U. Aligarh-202002, India 
ABSTRACT 
The mobility of some heavy metals such as Co, Ni, Zn, Pb, and Ag was measured through soil by 
using soil thin layer chromatography where natural soil was taken as a static phase and varying 
concentration of sodium salt solutions of different anions such as C1-, HCO-y CH,COO-, COj'-, 
MoO,^- and HPO^'- as mobile phase. The mobility of heavy metals in these systems is found to be 
in order: Co>Ni>Zn>Pb>Ag except in HPO,'" system where mobil i ty order becomes as 
Co>Ni>Pb>Zn> Ag. The results have been explained on the basis of metal- SOM complexes, ion 
size parameter of heavy metals and the solubility of metal salt with these anions in the soil 
environment. 
KEY WORDS : Heavy metals. Mobility, Soil thin layer chromatography. 
INTRODUCTION 
A great deal of attention has been paid to evaluate 
the heavy metal transport through soil by using a 
s imple and inexpensive tool of soil thin layer 
chromatography in recent years (Helling, 1971; 
Singhal and Bansal, 1978; Singhal et al., 1977). On 
survey of literature, it is revealed that the mobility 
of heavy metals depend upon several factors such 
as soil pH, SOM (soil organic matter), exchangeable 
cations, types of clay minerals, nature of pesticides, 
fly ash, organic acids and bases and other organic 
chemicals etc. used in soil environment (Khan et al, 
1985; Khan et al, 2000; Khan and Singh, 1999 and 
Martin, 1972) etc. Heavy metal pollution is very 
well recognized and debated in literature (Dutta 
and Mookerjee, 1980; Mortvedt, 1996 and Schmitt et 
al., 1979). Among heavy metals, Co and Zn are 
considered to be ut i l ized as micro nut r ien ts 
(Donahue et al., 1977) while Ni, Pb and Ag are 
phytotoxic (Dijkshoor et al, 1979; Gupta and Gupta, 
1998) and are not required for growth of plants and 
soil microbes. 
The sodium salts of various anionic species such 
as NaCl, NaHCOj, CHjCOONa, Na^COj, Na^MoO, 
and Na^HPO^ are found to exist in soil through 
natural and/or amendment practices. The presence 
of NaHCOj and Na^COj is responsible for soil 
alkal ini ty while NaCl enhances the salinity 
problems in soil. The CH^COONa is found to exist 
as a result of microbial activities in decomposition of 
organic matter producing organic acids (Stevenson 
and Ardakani, 1972) that get converted to its sodiurri 
salts where as Na ,MoO, and Na ,HPO, are 
2 4 t ^ 
extensively employed in agricultural Practices for 
supplementing the deficiency of these as micro and 
major nutrient required for healthy plant growth. 
The role of these anionic species such as: CI ", 
HCO3-, CH3COO -, COj^-, MoO^^- and HPO/" in soil 
on the translocation of certain heavy metal cations 
such as Co, Ni, Zn, Pb and Ag is still limited in 
literature. So this work is designed to investigate the 
mobility of heavy metals by using varying 
concentration of these anioruc solutions of their Na-
Salts as a mobile phase through soil by using soil 
thin layer chromatography with a view to explore 
the reaction mechanisms involved in these 
processes. 
MATERIALS AND METHODS 
The soil used in this investigation was an illitic fine 
sandy loam collected from A.M.U. Agricultural 
Farm, Aligarh. Some of the important soil physico-
chemical properties were: Sand, 61%; silt, 25%; Clav, 
14% (International Pipette method); Organic matter, 
0.41% (Walkley, 1947); pH, 8.8 (1:2.5 soil-water 
ratio); CEC, 16.3 meq 100"' g ; EC, 4.8 x lO^mmhos 
cm''; Exchangeable cations: Ca*% 3.5; Mg**, 1.2; Na", 
1.0 and K\ 0.5 meq lOO-'g (Jackson 1958); Available 
N H / - N , 52.0; NO^-N, 6.0 ; NO3-N, 40.0 (Hesse, 
1971); P, 25.0 (Olsen 1954) and K , 76.0 mg Kg-' soil 
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Qackson, 1958). 
The soil Scimple was dried, grounded and sieved 
th rough a 100 mesh sieve (BSS) to obtain 
homogenous particle size (<150 tim) for 
experimental work. Glass plates (20 x 20 cm), coated 
with slurries (30 g soil + 60 g water per plate) to a 
thickness of 0.5 mm by using a conventional TLC 
applicator, were air dried at room temperature 
(30±1''C). Two lines were ascribed at 4 cm and 14 cm 
above the base so that a distance of 10 cm used in all 
cases. An aqueous solution of about 0.006 ml of 
metal nitrates (0.1 M) of the Co, Ni, Zn, Pb, and Ag 
were spotted on the base line with the help of a 
micropipette in a single application. The plates were 
wrapped with a wet strip of filter paper at the 
bottom (about 2.5 cm) to prevent disintegration of 
soil. 
The plates were then developed by ascending 
chromatography in closed chambers, using distilled 
water or aqueous solutions of these anions as the 
developer. Developed plates were again air dried at 
room temperature. The positions of Co, Ag and Pb 
were detected as violet spot and Zn brick red 
coloured spot on spraying an alcoholic solution of 
0.5% (w/v ) haemotoxylin where as the Ni was 
detected as redish pink spot by spraying alcoholic 
solution of dimethyl glyoxime. 
The frontal R^  value (mobility) was measured by 
using the relation:-
R, value = 
Frontal distance moved by the metal 
Frontal distance moved by the developer 
In order to s tudy the effect of various anion 
concentrations, an aqueous solutions of NaCl, 
NaHCOj and CHjCOONa (0.6 M); Na^CO,, 
NajMoO^ and Na^HPO^ (0.2 M) were prepared. The 
calculated volume of 0.6M NaClO. solution were 
4 
added to adjust to a constant ionic strength (|i=0.6) 
in each case. From the solution, the requisite volume 
of the solutions were further diluted to get the 
solutions of varying concentrations which used as a 
developer with natural soil as the static phase. The 
results of mobility (Rj value) are shown in Fig. 1. 
RESULTS AND DISCUSSION 
The effect of various anions on the mobility of heavy 
metals are given in Fig. 1. The results indicate that 
the mobility follow the order Co > Ni > Zn > Pb > 
Ag in case of control where distilled water was used 
as a mobile phase. The high mobility of Co and Ni 
seemed to be governed by their high complexing 
nature with soil humic and fulvic acids fractions 
that is expected to remain soluble in alkaljne 
medium of soil solution, pH > 8.5. However, the 
lowest mobility of Pb and Ag may be regarded due 
to its lower ion size Parameters (Table 1) capable of 
providing greater affinity with the adsorptive sites 
of soil colloids. The role of sodium salts of various 
anions such as CI", HCO,-, CHjCOa, CO,^", MoO/ ' 
and HPO^^" on the mobility of metals could be 
understood by considering the following reaction :-
ES-M + NaX ^ES-Na + MX 
ESv,,^  
,M + 2 NaX -2 ES-Na + MX, 
2 ES-M + Na^ Y -2 ES-Na + M,Y 
M + NajY -2 ES-Na + MY 
ES' 
Where ES=ExchangeabIe sites on soil colloids; M 
- Metal cations; X (monovalent aruons) = CI", HCO," 
and CH3COO-; Y (Bivalent anions) = CO,^", MoO/ 
and HPO^^-. These metals salts MX, M^Y, MY and 
MXj so formed are capable to form the soluble 
complexes with soil organic matter and its fractions 
move as such through soil. 
It is clear that mobility of heavy metals increases 
with the increasing concentrations of CI", HCO^", 
CH3COO" and COj^" through out the entire range of 
study when used as a mobile phase. However, in 
cases of MoO^^'and HPO^^", the mobility is found to 
increase at their initial lower concentrations upto a 
certain limit, thereafter it declines. The mobility is 
found to remain for these anionic systems in the 
order: Co > Ni> Zn> Pb> Ag but HPO/" follow the 
mobility order: Co> Ni> Pb> Zn> Ag. The high 
mobility of Zn and Pb appears to be governed in 
sequence of solubility of its anionic salts (Table 1). 
The increase in mobil i ty wi th increasing CI" 
concentration is due to formation of chloro salts or 
complexes (Doner 1978) which move in the order of 
their solubility (Table 1) except Co and Ni that move 
in the order of the stability of their SOM complexes. 
The increase in mobility with the rise in HCO3", 
CH3COO" and COj^- concentra t ion may be 
attributed due to the dispersion of SOM due to 
sodium salts of these anions at pH values > 8.8 
which enhances the formation of soluble metal-
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Fig. 1. The effect of anions on the mobility of heavy metals through Aligarh soil. 
SOM complexes and results in their high mobility 
through soil. The increase in the mobility at lower 
concentration of MoO,^" and HPO,^" due to their 
4 4 
adsorption at highly reactive sites of the soil surface 
without much increase in the new -ve charge sites. 
However at higher concentrations, the adsorptions 
occurs at non-specific sites created by displacement 
of the structural OH" groups (Rajan and Fox, 1975) 
causing in an abrupt increase in the 
-ve charge sites. Thus at higher concentrations of 
these anions, the mobility of heavy metals tend to 
decrease on the newly created -ve charge sites bv 
the adsorption of these anions. 
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Table 2. The effect of anions on the mobility of some heavy metals through Aligarh soils 
Heavy 
metals 
Co 
Ni 
Zn 
Pb 
Ag 
Co 
NJ 
Zn 
Pb 
Ag 
Co 
Ni 
Zn 
Pb 
Ag 
0.00 
0.27 
0.23 
0.17 
0.06 
0.04 
0.27 
0.23 
0.17 
0.06 
0.04 
0.27 
0.23 
0.17 
0.06 
0.04 
0.12 
0.30 
0.28 
0.23 
0.07 
0.05 
0.29 
0.25 
0.18 
0.09 
0.07 
0.33 
0.24 
0.21 
0.08 
0.06 
0.24 
0.38 
0.31 
0.28 
0.08 
0.06 
Concentration of anions (moles/litre) 
0.36 
ci-
0.46 
0.34 
0.31 
0.09 
0.06 
HCO,-
0.31 
0.26 
0.20 
0.13 
0.10 
0.32 
0.30 
0.21 
0.15 
0.12 
CH,COO-
0.43 
0.28 
0.25 
0.10 
0.08 
Table 1. Some characteristic of heavy 
Heavy 
metals 
Co 
Ni 
Zn 
Pb 
Ag 
Ion Size* 
parameter 
(X 
' Weast, R.C., 1986 
10-*cm) 
6 
6 
6 
4 
3 
0.51 
0.38 
0.33 
0.13 
0.11 
metals 
0.48 
0.49 
0.36 
0.35 
0.10 
0.07 
0.35 
0.33 
0.23 
0.18 
0.15 
0.57 
0.48 
0.45 
0.14 
0.13 
0.60 
R, Values 
0.55 
0.40 
0.39 
0.11 
0.09 
0.38 
0.34 
0.24 
0.21 
0.16 
0.64 
0.58 
0.54 
0.17 
0.16 
Solubility of metal ions** in gm per 
Metal 
chloride 
76.7 
64.2 
432 
0.99 
0.000089 
; ** Preiser and Fernando, 1966. Wiley. 
Metal 
acetate 
Soluble 
-
30 
44.3 
1.02 
0.04 
0.30 
0.26 
0.20 
0.08 
0.06 
0.29 
0.28 
0.18 
0.24 
0.07 
0.34 
0.25 
0.23 
0.15 
0.07 
0.08 
0.33 
0.31 
0.22 
0.09 
0.08 
0.32 
0.33 
0.19 
0.29 
0.11 
0.42 
0.34 
0.31 
0.20 
0.09 
100 cc water at 20°C 
Metal 
carbonate 
Insoluble 
0.0093 
0.001 
0.00011 
0.0032 
0.12 
CO,^^ 
0.35 
0.34 
0.25 
0.11 
0.10 
HPO/-
0.39 
0.38 
0.24 
0.35 
0.13 
MoO/-
0.59 
0.50 
0.36 
0.24 
0.11 
0.16 
0.41 
0.39 
0.33 
0.15 
0.12 
0.33 
0.32 
0.20 
0.31 
0.10 
0.54 
0.38 
0.32 
0.22 
0.10 
Metal 
phosphate 
Insoluble 
Insoluble 
Insoluble 
0.000014 
0.000644 
0.20 
0.46 
0.43 
0.36 
0.17 
0.14 
0.31 
0.28 
0.16 
0.25 
0.09 
0.49 
0.32 
0.28 
0.19 
0.06 
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EFFECT OF CHLORPYRIFOS ON THE SEED GERMINATION, 
GROWTH AND NUTRIENTS UPTAKE BY BARLEY (Hordeum vulgare) 
AND MUSTARD (Brassica compestris) PLANTS 
SAMIULLAH KHAN AND SEEMA 
Department of Applied Chemistry, Z.H. College of Engineering & Technology, AMU, Aligarh-202 002 (India) 
ABSTRACT 
Pot experiments were conducted to evaluate the role of Chlorpyrifos on seed germination, growth 
and nutrients uptake of Barley (Hordeum vulgare) and Mustard (Brassica compestris) plants. The 
results show that at the lower doses (75 mg kg'^  soil for Barley and 50 mg kg' soil for Mustard plant) 
of Chlorpyrifos had a beneficial effect on the growth, development and nutrients uptake for both 
the plants. The uptake of nutrients such as Na, K, Ca, Mg, Fe, Mn, Zn and Cu at its lower doses is 
highest and thereafter an inhibitory trend for the nutrients utilization was noticed with the 
increasing doses of Chlorpyrifos amendments. The results have been explained on the basis of toxic 
behaviour played by Chlorpyrifos to the soil microbes responsible for the release of plant nutrients 
for plant use. 
KEY WORDS : Chlorpyrifos, Pesticides, Nutrients uptake. Barley and Mustard plants 
INTRODUCTION 
The demand of different kinds of organic pesticides 
is increasing to control harmful effects of pests 
(Sandhu and Saran, 1982) and pest bom diseases in 
agricul ture to maximize the crops yield. The 
effectiveness of such chemicals for controlling 
various diseases in plants grown on the soils 
dependent upon several factors such as types of 
plants as well as the physico-chemical behaviour of 
the soils viz. soil texture, nature and extents of clay 
minerals , organic matter, pH, tempera ture , 
humidity, nature and extent of soluble salts and 
exchangeable cations etc (Khan et ah, 1998). 
Some of the pest icides are reported to be 
beneficial for plants growth if used at their lower 
concentration but becomes phytotoxic (Khan et al, 
2000) at their higher doses due to the change in the 
activity of some useful soil micro organisms (Tu, 
C M , 1970 and Wang et al, 2002) involved in 
converting unusable plant nutrients of the soil into 
their usable forms needed by plants (Subba Roa, 
1997). 
Chlorpyrifos [o,o-diethyl 0- 3,5,6- trichoro - 2 -
pyridyl phosph-orothioate] is widely used as a 
broad spectnom insecticide to control insects such as 
termites, white grubs, ground weevils, some foliar 
msects etc. in recent past (Wright et al, 1991). It is a 
non-systemic organophosphorus insecticide with 
contact s tomach and respirator\- acticn 
Chlorpyrifos persists in soil for 2-4 months (Atuai, 
1986) and has low solubility (Kuikami ci al, 20001 in 
water. The acute oral LD., for rats is 155 mg k ;^ and 
acute dermal LD^^ for rabbits is 2100 mg ku 
(Douglas and Hamish 1987). It is also found to aftect 
acetylcholinesterase enzyme acti \ i tv and cau-^c 
fetotoxic and teratogenic effects in rats (Farac; vt.;/. 
2003). 
The work on the phytotoxic beha\'u>vir of 
chlorpyrifos on a variety of crops grown on Indian 
soils is lacking. So, it was considered worth\', hile to 
evaluate the effect of Chlorpyrifos ov, the 
germination, growth and nutr ients uptake for 
Barley. (Horrfewm vulgare) and Mustard IBraffiCu 
compestris) plants with a view to assess its beha\'iour 
in regards to find its optimum tolerance limit for 
healthy growth of these plants for maximizing their 
quality and production and to minimized the risk of 
pol lut ional problems posed by it in soil 
environment. 
MATERIALS AND METHODS 
The soil sample (0-30 cm depth) used in this 
inveshgation was an illitic fine sandy loam collected 
Irom agr icul tura l farm of Aligarh Muslim 
University, Aligarh (U.P.), India. It was air dried at 
room temperature (30 ± 2°C), crushed and sieved 
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through a 100 mesh sieve (B.S.S.) to get the particles 
of uniform size. The importar\t physico-chemical 
properties were determined by using standard 
methods of soil chemical analysis. The results were: 
Sand 61%, Silt 25%, Clay 14% (International pipette 
method) (Piper, 1950); Organic matter 0.41% 
(Walkley and Black, 1947); pH 8.8 (1:2.5 soil-water 
ratio);CEC 16.3 meq lOOg' soil; EC4.8x10^mmhos 
cm'; Exchangeable cations: Ca*^ 3.5, Mg"* 1.2, Na" 
1.0 and K* 0.5 meq lOOg' soil (Jackson, 1958). 
Available N H / - N 52.0, NO^-N 6.0, NO^-N 40.0 
(Hesse, 1971); P 25.0 (Olsen et al, 1954); Cu^* 3.0, Fe=* 
6.24, Zn^" 0.59 and Mn'* 4.96 mg /kg ' soil (Tondon, 
1993). 
Green house experiments 
For pot experiments, 2 kg soil samples were taken in 
each earthenware pots inner coated with coal tar to 
avoid the risk of nutrients absorption from soil. The 
soil were then amended thoroughly by mixing the 
requisite quantities of Chlorpyrifos in two sets of 
experiments. In case of Barley crop, the doses of 
pesticide were adjusted to 0 (control), 75,150, 300 
and 600 mg kg"' soil while for Mustard crop the 
doses were 0 (control), 50,100,150 and 300 mg kg ' 
soil. 
The soil, in each pot, was then wetted with 
Table 1. Effect of Chlorpyrifos on the physiological parameters of Barley (Hordeum vulgare) plant. 
Doses of Parameters 
Chlorpyrifos SG NL SL RL SWf 
(mg kg'soil) % (per plant) (cm/plant) (cm/plant) (g/plant) 
distilled water to about 60% of its water holding 
capacity. Out of the certified seeds of Barley and 
Mustard procured from the Quarsi government 
agricultural farm, Aligarh, ten seeds of each variety 
were sown in each pot for every treatment in three 
replicates. The pots were kept at 35±r''C in a green 
house, while maintaining moisture levels by adding 
distilled water when necessary. After seed 
germination, the sprouts were equally thinned and 
allowed to grow for a total period of 90 days. The 
physiological parameters such a seed germination, 
number of leaves, shoot length, root length, fresh 
shoot weight and dry shoot weight were examined. 
The results were statistically verified at 5% level of 
significance and are reported in Table 1 and 2. 
The plants were removed from the pots and were 
properly washed with distilled water. These plants 
were dried and grounded for the determination of 
nutrients uptake such as Na, K, Ca, Mg, Cu, Zn, Mn 
and Fe. Out of these, one gram grounded plant 
sample of each treatment were digested with 10 m! 
of acid mixture containing HNO,; HCIO^ (4:1). The 
digested samples were heated on a hot plate till the 
brown fumes ceased and the digested material is 
converted into a syrupy liquid with some white 
fumes. The samples of the syrupy liquid were 
dissolved in 5 ml of concentration HCl and diluted 
SWd 
(g/plant) 
0 
75 
150 
300 
600 
LSD at 5% level 
90.0 
93.3 
83.3 
76.6 
33.3 
2.92 
14.0 
18.0 
10.0 
7.0 
5.0 
2.7 
37.0 
49.0 
35.0 
32.0 
18.5 
2.63 
22.0 
26.0 
20.0 
16.0 
10.0 
2.19 
6.27 
7.50 
5.58 
3.96 
0.66 
0.61 
3.44 
1.84 
1.16 
0.42 
2.13 
Table 2. Effect of Chlorpyrifos on the physiological parameters of Mustard (Brassicfl compestrii) plant. 
Doses of Parameters 
Chlorpyrifos 
(mg kg-i soil) 
0 
50 
100 
150 
300 
LSD at 5% level 
SG 
(%) 
76.6 
86.6 
66.6 
50.0 
36.6 
1.20 
NL 
(per plant) 
12.0 
15.0 
9.0 
6.0 
4.0 
1.94 
SL 
(cm/plant) 
33.0 
42.0 
25.0 
20.0 
15.0 
2.06 
RL 
(cm/plant) 
18.0 
22.0 
16.0 
12.5 
10.0 
1.71 
SWi 
(g/plant) 
7.01 
8.05 
6.23 
4.45 
1.25 
0.39 
SWd 
(g/plant) 
3,25 
3.98 
2.82 
1.55 
0.73 
0.18 
Values are mean of three replicates. 
SG = Seed Germination, NL = No. of Leaves, SL = Shoot Length 
RL = Root Length, SWf= Fresh Shoot Weight, SWd= Dry Shoot weight. 
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Fig.l 
with distilled water. To obtain the clear solutions, 
they were filtered and then adjusted to a volume of 
50 ml in each case. The amounts of metals uptake 
for Na, K and Ca were es t imated from these 
solutions by using "systronic" flame photometer. 
The quanti ty of calcium plus magnesium was 
determined by EDTA titration using eriochrome 
black'T' indicator and buffer solution of pH 10. The 
amount of magnes ium was then calculated by 
subtracting the value of Ca from (Ca+Mg). The 
quantity of Fe-^ was determined by spectrophoto-
meter by using 1,10-phenanthroline as colouring 
agent at 490 nm wavelength. The concentrations of 
Cu, Zn and Mn were est imated by Atomic 
Absorption Spectrophotometer (GBC-902). The 
results are reported in Table 3 and 4. 
RESULTS AND DISCUSSION 
An examination of results (Table 1 and 2) show a 
significant beneficial effect in physiological 
parameters with regards to growth and 
development in Barley and Mustard plants as a 
result of Chlorpyrifos amendments at its lower 
doses but become phytotoxic at higher levels of its 
amendments. However, the beneficial dose on these 
plants vary for Barley and Mustard plants in order 
- Barley> Mustard. The beneficial effect on various 
physiological parameters with respect to control are 
shown in Fig. 1 and 2. The beneficial effect in 
Table 3. Effect of Chlorpyrifos on the nutrients uptake by Barley (Hordeum indgare) plant. 
Percent inhibition of growth as a function of applied 
Chlorpyrifos concentration on Barley iHordcwi: 
vulgnre) plant. 
Fig. 2. Percent inhibition of growth as a function of applied 
Chlorpyrifos concentration on Mustard (Brassicn 
compestris) plant. 
percentage with respect to control were: 
Barley plants: SG : 3.67, NL : 28.57, SL : 32.43, RL 
: 18.18, SWf : 19.62, SWd : 31.29 
up to a dose of 75 m g k g ' soil. 
Doses of 
Chlorpyrifos 
(mg kg-' soil) 
0 
75 
150 
300 
600 
Mn 
102.5 
120.0 
98.5 
83.0 
75.0 
2n 
49.0 
54.5 
42.5 
40.0 
38.5 
Fe 
154.0 
197.0 
133.5 
110.0 
94.5 
Metals concentration (ppm) 
Cu 
29.0 
35.0 
25.0 
19.0 
15.0 
Na 
17000 
20400 
16750 
14350 
11650 
K 
22550 
26750 
19500 
15250 
13750 
Ca 
9950 
11000 
8500 
7950 
6200 
Mg 
5300 
6415 
5100 
4350 
3300 
Values are mean of three replicates. 
Table 4. Effect of Chlorpyrifos on the nutrients uptake by Mustard (Brassica compestris) plant. 
Doses of 
Chlorpyrifos 
(mgkg ' soil) 
0 
50 
100 
150 
300 
Mn 
75.0 
84.5 
70.0 
62.0 
56.0 
Zn 
38.5 
42.0 
31.0 
25.0 
20.5 
Fe 
91.0 
102.5 
84.0 
75.0 
67.5 
Metals concentration (ppm) 
Cu 
15.0 
18.5 
13.0 
10.5 
8.0 
Na 
16750 
19950 
17000 
15950 
15100 
K 
19500 
21750 
15000 
13450 
10950 
Ca 
10500 
13000 
9500 
9150 
8800 
Mg 
6250 
7100 
5500 
5050 
4850 
Values are mean of three replicates. 
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Mustard plants: SG : 13.05, NL : 25.00, SL : 27.27, 
RL : 22.22, SWf :14.84, SWd : 22.46 
uplo a dose of 50 mg kg'^  soil. 
The percentage inhibition in physiological 
parameters were: 
Barln/ plants: SG : 7-44,14.89, 63.00, NL : 28.57, 50.00, 
64.29, 8L : 5.41, 13.51, 50.00, RL : 9.09, 27.27, 54.55, 
SWf :11.00, 36.84, 89.47, SWd : 29.77, 55.72, 83.97 for 
respective doses of 150, 300 and 600 mg kg"' soil. 
Mustard plants: SG : 13.05, 34.73, 52.22, NL : 25.00, 
50.00, 66.67, SL: 24.24, 39.39, 54.55, RL: 11.11, 30.55, 
44.44, SWf :11.13, 36.52, 82.17, SWd : 13.23, 52.30, 
77.54 for respective doses of 100,150 and 300 mg kg' 
soil. 
The beneficial effect of Chlorpyrifos upto 75 mg 
kg ' soil for Barley and 50 mg k g ' soil for Mustard 
plant may be regarded as beneficial and non-toxic 
linait for soil microbes responsible for converting the 
unusable soil nutrients into their usable forms. Thus 
the enhanced bioactivity may be the key factor in 
releasing the plant nutr ients needed for plant 
growth (Tiwari et al, 1994). However, the inhibitory 
trend on seed germination and growth for Barley 
and Mustard plants might be due to the toxic 
behaviour of Chlorpvrifos on soil microbes such as 
Azotobactor sp. Rhizohium sp. cellulolytic micro-
organisms, phosphate dissolving microbes and 
other beneficial soil microorganisms (Dordevic ct al, 
1999; Rodriguez and Fraga, 1999 and Smith et al, 
1945) etc. 
The results (Table 3 and 4) for the nutr ients 
uptake as a result of Chlorpvrifos amendments in 
soil indicate that the concentrations of Na, K, Ca, 
Mg, Fe, Mn, Zn and Cu uptake were found to 
increase at its lower concentration (upto 75 mg kg ' 
soil for Barley plant and up to 50 mg k g ' for 
Mustard plants) and thereafter an inhibitory trend is 
noticed throughout the entire range (150 -600 mg 
kg' soil for Barley and 100-300 mg k g ' soil for 
Mustard) of study. The nutrients uptake is found to 
be in the sequence of K> Na> Ca> Mg for macro 
nutrients while for micronutrients, the trend follow 
the order Fe> Mn> Zn>Cu for both these plants but 
with different intensity. 
Thus, the nature of plants grown on soils play an 
important role in assessing the pollutional problems 
posed by extensive use of pesticides and other 
pollutants in soil environment. 
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This study was conducted to investigate the effects of cetyltrimethylammonium bromide (CT.'\B) and 
sodium dodecyl sulphate (SDS) on the growth, nutrients uptake, and translocation in tissues of Triticum 
aestivum under field conditions. The concentrations of nutrients (i.e. Na, K, Ca. Cu. Zn, Mn. and Fe) m 
shoots and roots were determined. The results showed that the nutrients concentrations in shoots were 
less affected with the increase in concentrations of surfactant (0.1% aqueous CTAB or SDS) in soil as 
compared to roots. Similarly, shoot growth seemed less affected than root growth. As compared to can-
onic surfactant (CTAB), anionic surfactant (SDS) was found to be more toxic to plant growth and nutri-
ents utilization by plants. 
INTRODUCTION 
The use of surface active agents or surfactants, as 
detergents, emulsifiers and wetting agents in industrial 
and household activities has increased considerably in 
recent years. In pesticide formulations surfactiants have 
been commonly used [1,2]. The first study on the use of 
surfactant for clean-up of contaminated soil was reported 
from the American Petroleum Institute in 1979. The ap-
plication of surfactants for chemical remediation of con-
taminated soil leads to complex interactions among sur-
factants, soil pollutants and microorganisms [3]. These 
interactions are dependent on (i) the type and physico-
chemical state of the pollutant, (ii) the composition of the 
soil, (iii) the activity of the microorganisms, and (iv) the 
external factors, such as the temperature and presence of 
nutrients and'or oxygen. According to pre\ious studies [4-
7] the addition of surfactant to soil often significant 
change in adsorption of pollutants on soil phase. Long-
term treatment with surfactants causes pollution [8] of soil 
and water, which affects growth, development, and me-
tabolism of soil microorganisms [9-11], plants [12-16] 
and aquatic organisms [17]. 
Surfactants are substances having two different 
moieties, one polar (hydrophilic or lipophobic), and the 
other nonpolar (hydrophobic or lipophilic) at opposite 
ends of a single molecules. They are ioiown to possess 
powerful bactericidal properties (i.e. they kill bacteria) 
and are capable to modify the physical and chemical 
properties of the soils [18]. They solubilize nonpolar plant 
substances such as waxy critical or the lipoidal pan of the 
cell wall that facilitate the rapid absorption of the toxic as 
well as beneficial chemicals. They enter into the intercel-
lular spaces and affect plant growth systems and amino 
acids [19]. 
Literature survey reveals that no much information 
is available on the use of surfactants in relation to plant 
growth. Hence, dunng present study an experiment was 
designed to investigate the effect of ionic (cationic and 
nonionic) surfactants on growth and nutrients uptake by 
wheat plants. 
OBJECTIVES AND METHODS 
The experiment was carried out during growing 
season (mid-October to April) of winter wheat in 2006-
2007. The soil (0-30 cm depth) used in the expenment 
was obtained from the field of Aligarh Muslim Univer-
sity, situated in Aligarh district (India). The uncontami-
nated soil was air dried, passed through a 5-mm nylon 
mesh sieve. The soil texture was fine sandy loam. The 
physico-chemical properties of the soil were as follows: 
pH (HiO) 8.56; organic matter 0.49%; cation exchange 
capacity 16.2 meq 100 g'' soil and the exchangeable 
cations (Na\ 1.1. K*. 0.5 and Ca'", 3.7 meq 100 g'' soil) 
as measured by the standard method [20]. The available 
Cu, Zn, Mn, and Fe contents of the soil were 1.59. 0.37, 
11.9 and 10.5 mg kg"' soil (DTPA method) [21]. 
Before potting, soils were treated with 0.1% aque-
ous solutions of CTAB (cationic surfactant), and SDS 
(anionic surfactants) at different concentrations levels 0 
(control), and 5, 10. 20, 40 and 80 ml kg'' soil). The basal 
fertilizers applied (0.45 g kg"' soil) were N (as urea), P2O5 
(as CaHPOi) and K:0'^  (as K:SO.) m 11:1 ratio by 
weight. All contents were mixed homogeneously with the 
soil. The mixture was then adjusted with deionized water 
to 60% of water holding capacity (WHC) and maintained 
at this moisture content for 2 days. The subsamples were 
mixed homogeneously again and aliquots (1.6 kg oven 
dry weight) were transferred to glazed earthenware pots 
and sown with seeds of winter wheat (10 seeds pot"'). 
After seedlings emerged, the pots were thinned to five 
seedlings pot" . There'were three replicates of each treat-
ment. The pots were randomly arranged in a glass house 
and rearranged several times during the grouth period. 
The growth temperature was 22 ~ 2i°C on a\erage dunng 
14/10 hour day/light. Dunng the growth penod the plants 
were watered with deionized water every three days and 
treated with above surfactants doses every 15 days till 75 
days. The plants were har\'ested after 90 days 
After harvest, shoots were cut at the shoot-root 
junction. The roots were carefully washed from the pots 
with tap water and a 5-mm sieve to collect root samples 
as much as possible. Both shoots and roots were washed 
with distilled water and dried m an oven at "0 t 1°C for 
48 hour. The dry biomass of shoots and roots were 
weighed and ashes at 180°C for 4 h and finely powdered 
in a stainless steel grinder. About 1 g of powdered plant 
material (shoots and roots) was digested in 10 ml of acid 
mixture containing cone. HNO3 and HCIO4 (4.1, v/v). 
The digested mixture was treated on a hot plate till brown 
fiimeS ceased and converted to a syrupy liquid along with 
some white ftimes. The samples of the syrupy liquid were 
dissolved in 5 ml of cone. HCl and diluted with distilled 
water. To obtain the clear solutions, they were filtered and 
then adjusted to a volume of 25 ml in each case. The re-
sulting solutions were analyzed for Na, K and Ca, Cu, Zn, 
Mn and Fe. The Na, K, and Ca were estimated by 
"systronic" flame photometer. The concentrations of Cu, 
Zn and Mn were estimated by double beam atomic ab-
sorption spectrophotometer (GBC-902) and Fe by spec-
liophotometei. 
Sialistical Analysis 
The statistical analysis was carried out with SPSS 
version 10 for all parameters studied. In the figs, bars 
represents standard errors of replicates, and the LDS at 
(P<0.05) were calculated. 
RESULTS .AND ANALYSIS 
Growth of Wheat Plants 
The results showing the effects of CTAB and SDS 
treatments to the soil on dry biomass of wheat plants are 
shown in Fig. 1. From Fig. 1, it is evident that dry weights 
of shoot and root of wheat plants increased significantly 
(P<0.05) on the increase of CTAB concentration from 0 
to 10 ml kg' of soil. However, at higher doses of CTAB 
i.e. 10 to 80 ml kg"' soil a reverse trend i.e. decrease in 
dry weights of shoot and root on the increase in CTAB 
concentration was noticed (P<0.05). In case of SDS there 
was no effect of surfactant concentration (0 to 10 ml kg'' 
soil) on shoot biomass (P>0.05). On further increase in 
SDS concentration from 10 to 80 ml kg' soil, shoot bio-
mass is decreased significantly (P<0.05). Interestingly 
root biomass was found to decrease on the increase of 
SDS content in soil (P<0.05). 
Nutrients Concentrations in the Shoots 
Fig. 2 represents the concentrations of Na, K, and 
Ca in the shoots under various treatments of CTAB and 
SDS in the soil. Na and K contents in the shoots showed 
similar trends as CTAB dose in soil is increased. As 
CTAB concentration in soil increased from 0 to 10 ml kg" 
', Na and K contents in shoots are increased and on fur-
ther increase of CTAB level form 10 to 80 ml kg', the 
contents of both Na and K are decreased (P<0.005). For 
SDS, Na content in shoots remained unaffected as SDS 
concentration is increased from 0 to 10 ml kg"', but it is 
decreased as SDS level is further increased from 10 to 80 
ml kg"' soil (P<0.05). Potassium content in the shoots 
increased from 0 to 10 ml kg"', and decreased as SDS 
increased from 10 to 80 ml kg"' soil (P<0.05). Calcium 
concentrations in the shoots were not affected by the level 
of surfactant treatment. 
Fig. 3 shows the concentrations of Cu, Zn, Mn and 
Fe in the shoots under various CTAB and SDS levels in 
the soil. Cu concentrations in shoots were unaffected by 
surfactants (CTAB or SDS) treatments (P>0.05). Zn con-
centrations in shoots were less affected by CTAB treat-
ments. In case of SDS, Zn concentrations in shoots re-
mained unchanged from 0 to 10 ml SDS kg ' soil, and 
decreased as SDS increased from 5 to 80 ml kg"' soil 
(P<0.05). Mn concentrations in shoots increased at 5 ml 
CTAB kg"' soil, kept constant at 10 ml CTAB kg' soil, 
and than decreased significantly (P<0.05) as CTAB in-
creased from 10 to 80 ml kg"' soil. In case of SDS, Mn 
concentrations m shoots decreased by SDS treatments 
(P<0.05). Fe concentrations in shoots increased signifi-
cantly as CTAB increased from 0 to 10 ml kg', and then 
decreased as CTAB increased from 10 to 80 ml kg' soil 
(P<0.05). In case of SDS, Fe concentrations in shoots 
remained unaffected as SDS concenfration is increased 
forin 0 to 10 ml kg ', but it is decreased as SDS level is 
further increased from 10 to 80 ml kg"' soil (P<0.05). 
Nutrients Concentrations in the Roots 
Fig. 4 shows the contents of Na, K, and Ca m the 
roots under different concentration levels of CTAB and 
SDS in the soil. Na and K contents in the roots showed 
similar trends. With increasing CTAB and SDS concen-
trations, concentrations of both Na and K are mcreased as 
CTAB level is increased from 0 to 10 ml kg"' and then 
decreased as CTAB increased from 10 to 80 ml kg"' soil 
(P<0.05). In case of SDS, Na and K contents in the roots 
where not affected as SDS increased 0 to 10 ml kg"' and 
decreased as SDS levels further increased from 10 to 80 
ml kg"' soil (P<0.05). Calcium concentrations in roots 
decreased significandy (P<0.05) with increasing CT.AB 
and SDS concentrations in soil. 
Fig. 5 sho\*'s concentrations of Cu, Zn, Mn, and Fe 
in the roots under different treatments of CTAB and SDS 
in the soil. Copper concentrations in roots remained con-
stant with CTAB amendments from 0 to 5 ml kg"' soil, 
and then decreased as CTAB increased from 5 to 80 ml 
kg"' soil (P<0.05). In case of SDS, Cu concentrations in 
roots decreased as SDS increased (P<0.05). Zinc concen-
trations in roots increased significantly (P<0.05) as CTAB 
increased from 0 to 20 ml kg"', then remained constant as 
CTAB increased from 20 to 80 ml kg"' soil. In case of 
SDS, Zn concentrations in root decreased as SDS m-
creased, diese changes were not statistically significant. 
Iron concentrations in roots increased sharply at 5 ml 
CTAB kg"' soil, then increased slighUy as CTAB m-
creased from 5 to 10 ml kg"' soil, and decreased as CTAB 
increased from 10 to 80 ml kg' soil (P<0.05), In case of 
SDS, Fe concentrations in roots were less affected as SDS 
increased from 0 to 10 ml kg" , and decreased as SDS 
increased from 10 to 80 ml kg" soil (P<0.05). 
Significant effects of ionic surfactants (CTAB and 
SDS) are evident in this experiment in terms of both plant 
biomass and nutrients concentration in plant tissues. In 
the present pot experiment, shoots and roots biomass were 
increased with CTAB increased from 0 to 10 ml kg"', and 
decreased as CTAB increased from 10 to 80 ml kg"' soil 
(Fig. 1). However, in case of SDS shoots and roots bio-
mass seemed less affected by SDS treatments from 0 to 
10 ml kg"', then decreased as SDS increased from 10 to 
80 ml kg' (Fig. 1). The beneficial effect of CTAB at 
lower doses (0 to 10 ml kg"') may be attributed to the in-
crease in Na, K, Zn, Mn and Fe contents in plant tissues. 
The optimum concentration of the surfactant reduced the 
interfacial tension to the most suitable degree resulting m 
maximum absorption of nutrients by plants leading to the 
beneficial effect. 
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The negative effect of CTAB and SDS at higher 
doses may be attributed to the reduction in microbial ac-
tivity of Bacillus siliceus and Aspergillus niger, which 
ultimately reduce the solublizing effects. And also may be 
due to the fixation of nutrients into non-exchangeable 
form. This result is consistent with some previous studied 
[6, 13-17] where surfactant application to soil have shown 
detrimental effects on plant growth, soil microbial activity 
as well as nutrients mobility in soil. These effects depend 
upon the nature and the concentration of surfactant. For 
example SDS (anionic surfactant) has been found more 
effective compared to CTAB (cationic surfactant). Cal-
cium concentrations in shoots do not change much by 
surfactants treatments (Fig. 2). However, calcium concen-
trations in roots is decreased significantly (P<0.05) with 
increased in the concentration of surfactants (Fig. 4). It is 
obvious that Ca uptake is affected by the surfactants, but 
It is not the translocation of Ca within the plants. Calcium 
IS largely bound to the cell wall and to the extenor surface 
of the plasma membrane. It provides intermolecular link-
ages and is thought to play a crucial role in cell wall and 
membrane stabilization. Wang et al. [22] suggested that a 
strong interaction between Ca and cell wall constituents 
may be important in providing sufficient Ca to the plasma 
membrane to maintain its integrity. A decrease of Ca con-
centration in roots under CTAB or SDS treatments may 
be a symptom of a damaged intercellular defense system. 
The results (Fig. 2-5) also shows that nutrients concenu-a-
tions in the shoot were less affected than those in the root, 
just as the shoot growth was less affected by CTAB or 
SDS than the root growth (Fig. 1). 
CONCLUSION 
Compared to CT.\B (cationic surfactant) SDS 
(anionic surfactant) was found to be more effective for the 
growth of wheat plants. Nutrients concentrations in the 
shoot were less affected by both the surfactants where as 
the nutrients concentration in the root was significants 
influence. Similarly, shoot growth was less affected than 
the root growth. The nutrients that were mainly affected 
in the shoots include Na, K, Zn, Mn, and Fe. Ca concen-
tration in shoots seemed unaffected by CTAB or SDS 
treatment. •However, Ca concentration in roots decreased 
significantly as CTAB or SDS increased from 0 to 80 ml 
kg"' soil. 
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HCCJIE/IOBAHHE BJIHflHlW HOHHWX nOBEPXHOCTHO-AKTHBHblX 
BEIUECTB, BHECEHHblX B nOHBY, HA POCT nUIEHHUM H 3<Da>EKTHBH0CTb 
nOrJIOlUEHJW EK) nHTATEJIbHWX BEUIECTB 
A.MoxaMMa;i, A.MoxcMaH H CHMa 
CraTbH nocBJiiueHa MccjieiioBaHMio BJIHAHHA neTHJiTpHHCTHJiaMMOHMH 6poMMfla (UTAB) H HarpHH noiieuMii cy;ib4)aTa 
(^HilC) Ha pocT, norjiomcHHe pacTHTe;ibHbix semecTB H nepcMeiueHHe B TKaHHX Triticum aestivum B no/ieBbix VCJIOBM-
flx KoHueHTpauH« nHxarejibHbix BcmecTB ( i .e. Na, K, Ca, Cu, Zn, Mn , H He) B.pocTKax H KopHHx pacieHMs 6biJia on-
pefle;ieHa. noJiyneKHbie pesyjibTaxbi noKa3a;iH, HTO KOHUCHTpauHH nHTareJibHbix aeiuecTB B pociKax MCHee saBHCMw? 
OT KOHUCHTpaUHH nOSepXHOCTHO-aKTHBHblX BClUeCTB B flOHBe ( 0 . 1 % BOJlKblH paCTBOp) nO CpaBHCHMK) C KOpHRMH 
noiio6Hoe xapaiaepHO H AJIH pocra pocTKOB, Koropbie xywe pasBHBaioTCH. HCM KOPHH cooTBeTCTBVHDLuero pacTCHMH 
HafliieHO. MTO aHHOHHbie nosepxHOCTHO-aKTHBHbie BeiuecTsa (Hf lC) 6oJiee TOKCMHHO cKasbiBawTca na pocre pacre-
HMH H noTpe6jieHHn nHTarejibHbix BeiuecxB niueHHuefi, MCM npn HcnoJib30BaHMH KajHOHHbix noBepxnocTHO-aKTHBHbix 
BCiuecTB (UTAB). 
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Fig. 1. Diy shoot and root weights of wheat (Triticum aestivum) plants grown in pot 
culture subjected to different concentrations (0.1%) of CTAB and SDS. 
Bars represents standard error 
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Fig. 2. Concentration of nutrient in shoot of wheat (Triticum aestivum) plants grown in pot culture subjected to differ-
ent concentrations (0.1%) ofCTAB and SDS. 
Bars represents standard error 
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The effects of Triton X-100 (a nonionic surfactant) on growth and nutrient concentration in tissues of 
wheat plants were examined. While in smaller doses, the Triton X-100 significantly stimulate the dry 
weights of plant biomass (shoots and roots) and nutrient concentration in plant tissues (shoots and 
roots), it becomes toxic to plants at higher doses. The nulrients affected by Triton X-100 were mainly 
Na, K, Mn, and Fe in the shoots and Na, K, Ca, Cu, Mn, and Fe in the roots. The effect on the level of 
Zn in both shoots and root by Triton X-100 was insignificant. In shoots there was no effect of Triton 
X-100 on the concentration of Ca in shoots. However, in roots, the concentration of Ca decreases with 
the increase of surfactant level in soil. 
INTRODUCTION 
The research and development of surface active agents (or 
surfactants) have received much attention during last few 
decades and their use has grown considerably. Surfactants 
are used on large scale in detergents for domestic cleaning 
and various industrial processes due to their efficiency to 
clean dirt and greasy materials. Due to increasing use of 
surfactants, the domestic water and sewage which are the 
main sources of irrigation for kitchen garden and 
farmlands around the cities get contaminated. 
Characteristically, surfactants contain a hydrophilic group 
(polar) and a hydrophobic group (non polar) at opposite 
ends of a single molecule. The hydrophobic group is 
generally a long chain hydrocarbon which may be linear, 
branched, or aromatic [1]. Currendy there is growing 
interest on the behavioral study of sivfactants in soil and 
their effects on the growth, development and metabolism 
of soil micro-organisms [2,3], plants [4-9] and aquatic 
animals [10]. Surfactants are capable to solublize non-
polar plant substances such as the waxy cuticle of the cell 
wall that facilitates the rapid absoiption of the toxic as 
well as beneficial chemical species. The plants growth is 
affected by the entry of surfactants through intercellular 
spaces. Uixmoore et al. [4] carried out a study to 
imderstaiid the effect of soil-surfactant interaction on dry 
weight and porosity of barley roots. They observed that 
surfactant gets penetrated to the toot at concentration 
above 20 ppm and caused flooding of intercellular gas 
spaces. Valoras et al. [5] also examined the nonionic 
surfactant-soil interaction effects on barley growth, and 
thus found that less than 1% of the surfactant applied to 
soil was taken up and translocated in the bariey plants. 
According to literature [4-9], little woric has been reported 
on the effect of surfactants in soil on plants grovvth. In 
view of this, the present study was undertaken to 
investigate the effects of a non-ionic (Triton X-100) 
sur&ctant on the growth, intake and nutrients 
translocation in tissues of Triticum aestivwn. 
EXPERIMENTAL SECTION 
This experiment was conducted under controlled light and 
tcn^wrature condition. The soil (0-30 cm depth) used in 
the experiment was obtained from the Agricultural farm 
of Aligarh Muslim University, Aligarh (India). The soil 
was air dried, and ground to pass through a 5-mm nylon 
mesh sieve. The soil texture was fine sandy loam. The 
fundamental properties of the soil were as foltows: pH 
(1:2, soil : water) 8.56; organic matter 0.49%; cation 
exchange capacity 16.2 meg 100 g' soil and the 
exchangeable cations (Na*, 1.1, K*, 0.5 and C^\ 3.7 
meq. 100 g"' soil) as measured by the standard method 
[11]. The available Cu, Zn, Mn and Fe contents of the soil 
were 1.59, 0.37, 11.9 and 10.5 mg kg' soil (DTPA 
mediod) [12]. 
For pot experiment, soils were treated with 0.1% aqueous 
solutions of Triton X-100 (non-ionic surfactant) at 
different concentration levels (0 (control), 5, 10, 20, 40 
and 80 ml kg'' soil). The basal fertilizers appUed (0.45 g 
kg' soil) were N (as urea), P2O5 (as CaHP04) and K2O 
(as K2SO4) in 1:1:1 ratio by weight. These were 
thoroughly mixed with the soil before sowing. The 
mixture was then adjusted with deionized water to 60% of 
water holding capacity (WHC) and maintained at this 
moisture content for 2 days. The subsamples were mixed 
thoroughly again and aliquots (1.6 kg oven dry weight) 
were transferred to glazed earthenware pots and sown 
seeds of vnnter wheat (10 seeds pot'). After seedlings 
emerged, the pots were thinned to five seedlings pot'. 
Each treatment wais replicated thrice. The pots were 
placed in a randomized block design on a glass house 
bench. The growth temperature was 22 ± 3°C on average 
during 14/10 h day/light. During the growth period the 
plants were watered with deionized water every three 
days and treated with above surfactants doses every 15 
days till 75 days. The plants were harvested afkr 90 days. 
At harvest, the shoots were cut at the shoot-root junction. 
The roots were carefully washed from the pots with tap 
water and a 5-mm sieve to collect root samples as much 
as possible. Both shoots and roots were washed with 
distilled water before drying at 70 ± I'C for 48 hours. 
Dried plant samples were weighted and ashes at ISO^ C for 
4 h and finely powdered in a stainless steel grinder. About 
1 g of powdered plant samples was digested in 10 ml of 
acid mixture containing cone. HNO3 and HC104 (4:1, 
v/v). The digested mixture was treated on a hot plate till 
brown fumes ceased and converted to a syrupy liquid 
along with some white fumes. The san^Ies of the syrupy 
liquid were dissolved in 5 ml of cone. HCl and diluted 
with disHlled water. To obtain the clear solutions, they 
were filtered and then adjusted to a volume of 25 ml in 
each case. The resulting solutions were analyzed for Na, 
K and Ca, Cu, Zn, Mn and Fe were estimated by 
"systronic" flame photometer. The concenUutions of Cu, 
Zn and Mn were estimated by double beam atomic 
absorption spectrophotometer (GBC-902) and Fc by 
spectrophotometer. 
Statistical Analysis 
The statistical analysis was carried out with SPSS version 
10 for all parameters studied. All data were subjected to 
LSD test at 5% to determine the statistical significance of 
the effects due to treatments. In the Figures bars 
represents standard errors of replicates. 
RESULTS AND ANALYSIS 
Plant Growth 
An examination of results (Fig.l) shows that the dry 
weights of shoot and root of wheat plants increased 
significantly (P < 0.05) on the increase of Triton X-100 
concentration in soil from 0 to 10 ml kg'. However, at 
higher concentrations of Triton X-100, a decrease in dry 
weights of shoot and root was noticed. 
Nutrients Concentrations in the Shoots 
Fig. 2 shows the concentrations of Na, K, and Ca in the 
shoots of wheat grown in pot-soil treated with different 
concentrations of 0.1% Triton X-100. Na and K contents 
in the shoots showed similar trends with increasing Triton 
X-100 concentration. The magnitude of both Na and K 
increased as Triton X-100 concentration in soil increased 
from 0 to 10 ml kg' (P < 0.05), then decreased as Triton 
X-100 concentration is further increased from 10 to 80 ml 
kg'. Ca concentration in shoots remained unaffected by 
Triton X-100 treatment of soil. 
Fig. 3 shows the concentrations of Cu, 2^, Mn, and Fe in 
the shoots of wheat grown in pot-soil subjected to 
different concentrations of 0.1% Triton X-100. Cu 
concentration in the shoots was found to be unaffected by 
Triton X-100 treatments (P > 0.05). Zn concentration in 
shoots seemed to be less affected by Triton X-100 
.treatments. Mn concentrations in the shoots decreased as 
the concentration of Triton X-100 is increased from 0 to 
10 ml Kg"' soil, remained constant as Triton X-100 level 
is increased from 10 to 40 ml Kg"' soil, and then 
decreased sharply at 80 ml Triton X-100 kg' soil (P < 
0.05). Fc concentrations in the shoots increased 
signifrcantly as Triton X-100 concentration in soil is 
increased from 0 to 
10 ml kg'', then decreased on fiuther increase of Triton 
X-100 level in soil. 
Nutrients Concentrations in the Roots 
Fig. 4 shows the concentration of Na, K and Ca in the 
roots of wheat grown in pot-soil treated with different 
leveb of 0.1% Triton X-100. Na and K contents in the 
roots showed similar trends as Triton X-100 treatments 
increased. Both Na and K contents increased as Triton X-
100 increased from 0 to 10 ml kg'', and then decreased as 
Triton X-100 increased from 10 to 80 ml kg*' soil (P < 
O.OS). Calcium concentrations in roots decreased slightly 
with the increase in Triton X-100 concentration from 0 to 
80 ml kg"'soil (P< 0.05). 
Fig. 5 shows the concentrations of Cu, Zn, Mn, and Fe in 
the roots of wheat grown in pot- soil treated with vanous 
concentrations of 0.1% Triton X-100. Cu concentrations 
in roots were not affected as Triton X-100 increased from 
0 to 10 ml kg' soil. However, level of Cu was decreased 
significantly as Triton X-100 increased from 10 to 80 ml 
kg"' soil (P < 0.05). 2^ concentration in roots increased 
slightly as Triton X-100 increased from 0 to 10 ml kg ', 
and tlien remained constant as Triton X-100 concentration 
in soil increased from 10 to 80 ml kg' soil. Mn 
concentration in roots decreased significantly with the 
increased concentration of Triton X-100 in soil (P < 0.05). 
Fe concentration in the roots increased from 0 to 
10 ml kg"', and decreased as Triton X-100 increased from 
10 to 80 ml kg"' soil (P < 0.05). 
The increase in dry weights of plant biomass and nutrient 
concentrations in shoot and root at lower doses (0 to 10 
ml kg"' soil) of Triton X-100 may be atuibute to the 
enhancement of soil microbial activity which is 
responsible for releasing plant nutrients from the 
unavailable form of organic and inorganic soil 
constituents. However, at higher doses, the retardation in 
dry biomass and nutrients concentrations is possibly due 
to toxic effect of surfactant on soil microbial status. This 
intern reduces the availability of various nutrients to the 
plant. It is well known that, Ca is largely boimd to the cell 
wall and to the exterior surface of the plasma membrane. 
A decrease of Ca concentration in roots on increase in the 
concentration of Triton X-100 in soil is probably due to 
damaged of intercellular defense system [13]. 
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POCT nUlEHMUhl, BMPAIUEHHOM IIA OOHBE, OBOrAlUEHHOH ' 
HEI10HH3HPyiOlUHM nOBEPXHOCTHO-AKTHBHbIM BEIUECTBOM, H 
3<I><I>EKTHBHOCTb norJIOIUEHM^I EIO nMTATEJlbHWX BEIUECTB 
A.MoxaMMaAi A.MoxcMaii H CiiMa 
MccjiCAOBaHO BJiHSHHe HCHOHH3npyiomero noDepxiiocTHO-aKTHBHoro BeutecTBa TpinoHa X-100 Ha pocT niuenHUbi M 
KOHUeHTpaUMK) B HCB HHTaTCJIbHUX 3.neMeHT0B. ECJIH MajIWe fl03bl TpHTOHa X - 1 0 0 B SHaHMTCJlbHOfi CTCneHM 
CTHMyjiMpyiOT B03pacTaHHe cyxoro seca 6H0Maccbi pacTCHMn (B no6erax H KopnHx), a raKwe KOHueHTpaiiHM 
nHTarejibHbix 3jieMeHT0B B TKaii»x pacTeHiix ( B noGerax H KOPHHX), TO npn 6o/ibuiHX fl03ax OHM CTaHOBSTcn 
TOKCHHHbIMM flJIJl paCTCHMJI. BjlMflHMe TpHTOHa X - 1 0 0 B OCHOBHOM npOaB.r]>ieTCH Ha KOHUeHTpaUHH N a , K, M n , H F e B 
no6erax H na KOHueHipauMH Na, K, Ca, Cu, Mn, ii Fe B KopHSX. YpoBeHb BosneficTBHd TpMTOHa X-lOO Ha 
KOHueHTpauHK) Zn, KaK B no6erax, TBK H B KopHHx, HC3HaHHTe;ieH. TpHtoH X-100 He BJIHHCT Ha BOspacTanHC 
KOHueHTpaixHH Ca B no6erax. OanaKO c BospacTaHHCM Ko.nHHecTBa TpHTona X-100 B noHBe yMCHbUjaeToi 
KOHUCHTpaUHJl Ca B KOpHSlX paCTCHHSl. 
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